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oa Department of Physiology, School of Medicine, 
JOHN R. BROBECK University of Pennsylvania, Philadelphia 


NEURAL CONTROL OF HUNGER, APPETITE, AND SATIETY** 


Hunger, appetite, and satiety are often regarded as problems in the 
physiology of digestion. In recent years, however, they have been studied 
more and more commonly as functions of the brain. This latter point of 
view, i.e., neurophysiology, is used in the paper which follows, and the 
regulation of food intake is here described in terms of mechanisms and 
reactions that characterize the nervous system. 


In higher animals the brainstem, including the nuclei and primary con- 
nections of the cranial nerves, is the level of the nervous system most 
intimately concerned with food intake. The basic patterns are probably 
reflex in nature. They require the integrated motor activity of the trigemi- 
nal, facial, glossopharyngeal, vagal, and hypoglossal nerves, while the sen- 
sory components of these, as well as many other nerves, also play their part. 
For almost any animal, including one which has just eaten, food is a stimu- 
lus for reflex responses ; when there occurs an adequate sensory stimulation, 
the animal is inclined to move toward the food, to investigate, eat, and 
swallow it (Table 1). Reflexes of attention, approach, examination, incor- 
poration, and of rejection appear to be important. Little is known of these 
mechanisms, however, and it is not even clear just how much of feeding 
behavior can be designated as reflex, and how much may be either con- 
ditioned responses or some other type of more highly organized activity. 
Yet in spite of this ignorance, I have chosen to begin with this attempt to 
identify and classify the reflexes, because Sherrington and others success- 
fully used this method in their studies of posture and locomotion. 


The first part of this paper is a brief description of the behavior of 
animals with lesions at selected levels of the neuraxis, and of unanesthetized 
animals during stimulation of discrete areas within the brain. Most of the 
data are taken from studies on mammals, since there seems to be little 
information relating the nervous system and feeding in lower forms. Experi- 
ments by Miller and Sherrington and by Bazett and Penfield, using 
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decerebrated cats, showed that simple feeding responses are possible after 
removal of much of the mesencephalon and all of the more rostral portions 
of the brain. Their decerebrated animals were capable of reflex chewing 
and swallowing and reflex rejection of certain materials. Bazett and 
Penfield noted purring after their cats were fed, which suggests that a 
certain degree of “satiety” can occur even at the reflex or segmental level. 

The function of the hypothalamus, the next higher level, is assumed to be 
a quantitative one, as if this part of the brain adjusts energy intake to 
energy expenditure. The medial hypothalamus is believed to take part in 


TABLE 1, CLASSIFICATION OF FEEDING REFLEXES, ON SENSORY BASIS 
(Lert-HAND CoLUMN) AND BEHAVIORAL Basis (RIGHT-HAND CoLUMN). 


(From J. R. Brobeck, Gastroenterology, 1957, 32, 169-174. 


Sensory basis Behavioral basis 
Visual reflexes Reflexes of attention 
Olfactory reflexes Reflexes of approach 
Auditory reflexes Reflexes of examination 
Tactile reflexes Reflexes of incorporation 
Gustatory reflexes Reflexes of rejection 


Enteroceptive reflexes 


reactions of satiety, while the lateral portions are responsible for appetite.’ 
After destruction of the lateral regions, animals fail to eat; in some cases 
the failure is absolute, in others it is only relative.*”” Medial lesions, by con- 
trast, lead to overeating and obesity in all species studied, including man. 
When the lateral mechanism is stimulated in unanesthetized animals, feeding 
occurs (Briigger,” Larson,” and Anand and his associates’). Stimulation of 
the medial region, as well as of certain other portions of the brain, induces 
what appears to be satiety; Olds has observed this,“ and others have con- 
firmed his results. The interaction of these two hypothalamic regions may 
account for most of the quantitative aspects of regulation of food intake, 
since the cerebral cortex may very well affect the appetite by way of these 
hypothalamic mechanisms. It is conceivable that the lateral hypothalamus or 
appetite mechanism serves to facilitate feeding reflexes, while the medial 
hypothalamus or satiety mechanism acts to inhibit the reflexes. In a fasting 
condition the lateral portion would be active, the medial one quiet, with a 
resulting high appetite and low satiety. But after feeding, the lateral portion 
would be quiet and the medial one active—low appetite and high satiety. 
When the medial mechanism is injured and hyperphagia follows, any re- 
maining regulation probably occurs through variations in activity of the 
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lateral portion, that is, through changes only in appetite. This may explain 
why appetite is so labile or changeable in animals with hyperphagia, as 
Kennedy,”* Stevenson,” and Teitelbaum” have observed. 


The highest level of the brain, the cerebral cortex, is no doubt concerned 
with feeding responses, but there are few experimental data relating to this 
subject, with the exception of certain psychological studies on animals, 
especially primates. Pribram and Bagshaw’s observations suggest that the 
cortex is necessary for recognition of objects suitable for food, and with 
feeding responses as affected by social environment.” Since the work of 
Goltz it has been known that decorticate animals are restless at feeding time, 
and quiet after they are fed.” This observation minimizes the importance of 
cortical mechanisms in feeding. Neurological studies upon infants born with 
a cerebral lesion, or an imperfectly developed brain, also provide evidence 
on this point. An infant may nurse well although the cerebral cortex is 
grossly abnormal. Even in normal babies the regulation of feeding may not 
at first require the highest levels of the nervous system. Later, when habits 
and customs become more important, the cerebral cortex is doubtless more 
intimately concerned. 

The second part of this paper is devoted to the many similarities between 
regulation of feeding and regulation of respiration—that is, pulmonary ven- 
tilation. Both feeding and breathing are periodic and rhythmic phenomena, 
subjected to reflex control, with integration and possible “motivation” from 
the brainstem. Moreover, all levels of the nervous system, including the 
cerebral cortex, take part in their regulation. The quantities regulated— 
minute volume and food intake, respectively—are in each case the product 
of a frequency multiplied by a quantity. Respiratory minute volume is the 
product of tidal air multiplied by respiratory rate, while food intake is the 
product of frequency of feeding and size of the meals. In the brainstem the 
inspiratory and appetite centers are analogous, while the expiratory and 
satiety mechanisms appear to be similar. Both regulations have their central 
mechanisms of control, yet they are each affected by specific reflexes from 
particular organs. For example, reflexes from chemoceptors and from 
stretch receptors in the respiratory tract are important in respiration, and 
the reflexes beginning with olfaction and taste, together with those from 
receptors within the wall of the digestive system, take part in the control of 
feeding. (The inhibition of feeding when the stomach is distended may be 
analogous to the inhibition of inspiration when the lungs are distended, the 
Hering-Breuer reflex.) And finally, both of these regulations are associated 
with painful sensations which are designated as hunger, for example, air 
hunger. It is necessary to point out that the study of pulmonary ventilation 
has gone forward with almost no attention to air hunger. As painful and as 
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dramatic as this sensation may be, it does not appear in the present-day 
schemes of the nature of control of respiration. Possibly its function is 
limited to periods of exceptional respiratory need. Whether gastric hunger 
is similar in its significance is not known. It has not provided a basis for any 
satisfactory theory of regulation of food intake, and I am inclined to the 
opinion that, under most conditions in adult human subjects, hunger is not 
very important in feeding behavior. In babies, by contrast, it may be a most 
critical factor, because it helps to assure a nearly helpless infant of the 
attention of the mother when food is needed. 

In the control of pulmonary ventilation the respiratory minute volume is 
regulated by way of the arterial tension of carbon dioxide, the pH of arterial 
blood, and, apparently under unusual circumstances, by the oxygen tension. 
Students are often surprised to learn that a process so essential to life as is 
the supply of oxygen should be regulated, almost incidentally as it were, 
through control of carbon dioxide export. A similar situation may exist in 
feeding mechanisms ; although the end result of regulation is the control of 
energy intake, animals apparently have no mechanism capable of measuring 
energy as such. They probably do not meter the calories ingested, but attain 
an energy balance rather indirectly through reactions that are related to or 
proportional to the energy need. 

This question, what variable or what reaction is the basis of the regula- 
tion of feeding, is an important one and one of considerable interest. The 
third and final part of this paper is a discussion of one particular hypothesis 
relating to this subject. In 1931, Strang and McClugage suggested that the 
principal factor in satiety is the stress imposed upon the body by the extra 
heat produced in assimilating food.* The extra heat is known, of course, as 
the specific dynamic action (S.D.A.), and it is released in reactions where 
foodstuffs are interconverted and prepared for oxidation by the tissues. The 
S.D.A. of protein is highest because prior to oxidation it must undergo oxi- 
dative deamination, with synthesis of urea, as well as other changes peculiar 
to the several amino acids. The S.D.A. of carbohydrate is less, and fat least, 
but there is some uncertainty about these two, possibly because earlier 
investigators did not realize that the composition of the diet previously fed 
to the animal, and the length of the fasting period before the experiment, will 
alter the metabolic pathways for carbohydrate. Strang and McClugage 
carefully measured the specific metabolic effect of a mixed meal given to 
normal, obese, and thin human subjects; their figures illustrate well the 
abruptness of the increase and its magnitude. 

Some years later, in 1936, Booth and Strang attempted to measure the 
thermal stress caused by eating, and for this purpose measured the tempera- 
ture of selected regions of the skin.* They found that there is a rise in skin 
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temperature after a meal is eaten, and they interpreted this rise as being a 
mechanism for getting rid of some of the extra heat. The authors concluded 
that the cutaneous vasodilatation and the onset of satiety were interrelated, 
as they stated in these words: (pp. 542-3) “In these experiments the attain- 
ment of satiety, as evidenced by the cessation of eating, was also marked by 
a sensation of warmth in most cases and by the appearance of gross per- 
spiration in some. These phenomena emphasize the importance of the pro- 
duction and dissipation of heat in the response of the body to the ingestion 
of food. In studies of the specific dynamic action of food, Strang and 
McClugage (Joc. cit.) emphasized the physiologic load thrown on the body 
in normal persons by the rapid change in the production of heat resulting 
from the ingestion of food. One aspect of the physiologic dissipation of the 
extra heat is described by the observations on the temperature of the skin. 
. .. Certainly in persons of normal weight the inability to continue eating 
coincided with a rise of 0.9° C. in only twenty-two minutes.” 

Booth and Strang tested this hypothesis further by attempting to correlate 
the onset of satiety with the rate of change of skin temperature. Their data 
show such a correlation, but they have not been confirmed so far as I can 
learn ; they have not, however, been contradicted. Other attempts at testing 
the hypothesis have been made in our laboratory, and they have without 
exception yielded data in agreement with the opinion of Booth and Strang. 
The first of our attempts was the measurement of food intake at different 
environmental temperatures.* The purpose of the study was not to confirm 
what was already well known—that food intake is higher in a cold than in 
a warm environment. It was, rather, to measure food intake when animals 
were exposed to an environmental temperature where they could not accept 
any additional heat stress and continue to maintain a normal temperature. 
In these particular animals under the conditions of this particular labora- 
tory, the critical level was near 94° F. At this temperature they had a slight 
fever, and ate practically nothing (Fig. 1). May I say that the temperature 
of 94° F. is of no special significance; the temperature needed to produce 
this result would, among other factors, depend upon whether or not the 
animals were acclimatized to heat. From man and certain other animals a 
higher temperature would be needed to attain the same result, since man is 
better able to defend himself against heat stress. The important point seems 
to be that when the temperature of the central mechanism is brought up to 
the level where fever is about to occur, satiety is complete. This is analogous 
to apnea following hyperventilation. 

Our second attempt to test the hypothesis began with the idea that the 
satiety value of food should be correlated with its over-all specific dynamic 
action. Thus, a diet high in protein content should be accepted in smaller 
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amount than a diet high in fat. The experiments were done by varying first 
the fat, then the carbohydrate, and then the protein concentration. The 
results were in agreement with the hypothesis.” In certain of the experi- 
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Fic. 1. Relationship between food intake and 
environmental temperature (upper graph) and 
body temperature change and environmental tem- 
perature (lower graph) in rats exposed to se- 
lected temperatures for 18 hours. Each point 
represents a group of 5 or 6 rats. (From J. R. 
Brobeck, Yale J. Biol. Med., 1948, 20, 545.) 


ments the animals took in 
three times their usual caloric 
intake; this suggests that 
their regulation is not con- 
cerned with calories per se 
(Table 2). In other experi- 
ments where the density of 
the diet was altered, they 
took either larger or small- 
er quantities, indicating that 
bulk is not the most important 
factor. Strominger studied in 
this way the importance of 
fat, carbohydrate, and pro- 
tein concentration, of bulk, 
caloric density, and the con- 
centration of accessory food 
factors. Of all of the factors 
which he studied, the only 
one that he found to be eaten 
by the animals in a reasonably 
constant amount was the cal- 
culated specific dynamic ac- 
tion of the several diets. 
Other investigators have 
noted that when the central 
regulator in the hypothalamus 
is injured so as to induce hy- 
perphagia, the disturbance is 
most obvious when the ani- 
mals are fed a high-fat diet, 
and either inconspicuous or 
not evident when they are fed 
a diet high in protein.” Fen- 
ton and his associates have 


found that mice with a congenital deficiency of regulation of food intake 
also show this phenomenon, and become obese most rapidly when the diet 
is high in fat.” Mickelsen, et al., have similar data.” All of these experiments 
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taken together suggest that fat is lowest in satiety value and protein highest ; 
and when the hypothalamic regulator is not functioning properly, the low 
satiety value of fat becomes apparent through the abnormal weight gain of 
the affected animals. 

The hypothesis of Booth and Strang has been utilized by members of our 
laboratory as an explanation of a variety of phenomena related to feeding, 
and since our writing on this topic has apparently not been as clear as it 
shoui. ‘ave been, I hope to be able to present the subject in a straight- 
forward manner in this discussion. First of all, the basis for the hypothesis 


TABLE 2. Speciric Dynamic AcTION or Foop Eaten 1n 18 Hours 
WHEN Larp Was Appep To DIET. 


(From J. L. Strominger and J. R. Brobeck, Yale J. Biol. Med., 1953, 25, 383.) 


May 2, 1946—Sprague-Dawley Males (300-325 gm.) 


% Lard Total Partition of Calculated 
added caloric caloric intake SDA, keal. SDA, 


to diet intake Protein CH:O Fat Protein CH:O Fat kcal. 


54.8 13.2 36.7 4.9 4.0 1.8 0.2 6.0 

14 66.4 11.0 30.9 24.5 3.3 1.5 1.0 5.8 

43 90.0 7.2 19.8 63.0 2.2 1.0 2.6 5.8 

57 116.3 5.8 17.5 93.0 1.7 0.9 3.8 6.4 

86 110.0 1.6 4.4 104.0 0.5 0.2 4.3 5.0 
104.6 0.0 


is not the observation that animals eat less in warm environments. The true 
bases for the hypothesis are three in number, as follows: (i) Following 
eating there is a rise in heat production; this was observed by Rubner and 
has been confirmed countless times. (ii) Following feeding there is a slight 
rise in central temperature and a greater rise in skin temperature; Booth 
and Strang described this,° as did Burton and Merlin,” Sheard and his 
associates,” and many others. (iii) The hypothalamus contains the cells 
that respond to an increase in central temperature; Barbour’s work sug- 
gested this more than forty years ago,’ while the more precise experiments 
of Magoun and his associates identified the responsive area, at least in cats.“ 
From these three types of evidence, confirmed repeatedly, it seems obvious 
that food is a thermal stress that acts upon the hypothalamus to bring about 
cutaneous vasodilatation. Furthermore, I believe that no one would seri- 
ously question a statement that food has some kind of effect upon the 
hypothalamus which brings about inhibition of further eating and the 
objective evidences of satiety. The only element of uncertainty in the 
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hypothesis is that the thermal effect, known to act upon the hypothalamus, 
is, in fact, the essential factor in satiety. The experiments where food intake 
was measured at different temperatures, and where the composition of the 
diet was altered, as described above, appear to confirm this particular step 
in the hypothesis. 

One other subject of confusion must be mentioned. The papers from our 
laboratory have not stated that the Booth and Strang hypothesis is a com- 
plete explanation and the only possible mechanism for regulating food 
intake. There are most certainly other important factors. How some of them 
interact may be suggested as follows: When food is taken, sensory responses 
from the mouth, pharynx, esophagus, and stomach all signal to the nervous 
system that eating is in progress.” The amount of food taken may be limited 
first of all by this sensory input, as the depth of respiration is affected by the 
Hering-Breuer reflexes. Within a few minutes following eating, however, 
the rate of heat production begins to increase. This extra heat is produced 
centrally, that is, within the body itself, and it acts primarily upon the 
receptors of the hypothalamic or pre-optic regions. The central heating 
effect causes peripheral vasodilatation and, according to the hypothesis, 
inhibition of feeding. It apparently inhibits other mechanisms as well, those 
affecting posture, willingness to exercise, the excitability of spinal reflexes, 
and ability to stay awake. When the heat production has increased by a 
certain amount, or either the central or the mean body temperature has 
risen to a critical level (this point is undecided), the animal is not inclined 
to eat. Yet within a few hours the heat production falls again and with it 
the mean temperature, and then eating behavior is possible once more. As 
a tentative generalization, one may say that feeding is inhibited when heat 
content of the body is rising, and facilitated when heat content is falling. 

As I have already mentioned, the specific dynamic action cannot be the 
only factor in this regulation. But it will account for so many different 
phenomena that one is tempted to ask whether it may account for still 
others. I have mentioned, for example, that if heat content of the body is 
already increased by exposure to a warm environment, a small amount of 
food will provide satiety, or intervals between meals will be longer. In a 
similar way, if heat content is rising because of muscular exercise, feeding 
will be inhibited. That exercise takes away hunger seems to be known 
universally. Let the exercise stop, however, with a resulting fall in heat 
content, and feeding is almost sure to follow. If the complications of undue 
fatigue, dehydration, etc., are avoided, the amount of food taken may be 


proportional to the rate of change of heat content when the exercise is 
finished. 
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In this same way the S.D.A. hypothesis is able to explain a phenomenon 

that has troubled nearly every serious student of the regulation of food 

intake. Many theories have rested upon the availability of some particular 

foodstuff or metabolite, but they have all had difficulty in explaining why at 

breakfast, following the period of greatest depletion, the appetite and food 

intake are less than at the other meals. The S.D.A. hypothesis accounts for 

this without difficulty. Upon arising in the morning the heat content of the 

body begins to increase because of the muscular activity of the waking state. 

Since this heat, like the S.D.A., is released within the body it affects the 

hypothalamus directly; it is natural that it serves as a substitute for the 

heat of metabolism of food. The man who enjoys his breakfast, according to 

the hypothesis, is the one who has breakfast in bed! Or, like a farmer or 

lumberjack, one who first works at his morning chores, and then sits down 

to eat while he is cooling off from his early exercise. I suppose that the 

ideal conditions for eating are an empty stomach in a body where the mean 
temperature is either a little low, or where it is falling rapidly. 

Finally, the hypothesis may give some light upon the relationship of blood 
sugar levels and appetite. The data not controversial can be summarized by 
stating that a low level of sugar in the arterial blood increases feeding, while 
a hyperglycemia in an otherwise normal subject does not necessarily limit 
food intake. A low blood sugar level, for example, insulin hypoglycemia, 
very early induces signs of a heat deficit; there are both pilo-erection and 
shivering. (Later, of course, these are followed by other and more obvious 
signs of automatic activity.) No doubt the early hypoglycemia tends to 
diminish the resting heat production, and the body responds by conserving 
heat and shivering. A desire for food would naturally go with these. Hyper- 
glycemia, on the other hand, probably has no effect upon the heat content 
of the animal; consequently, it should have little effect upon appetite. 
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ENVIRONMENTAL TEMPERATURE AND DEPRIVATION OF FOOD AND WATER 
ON THE SPONTANEOUS ACTIVITY OF RATS} 


INTRODUCTION 


Deprivation of food, water, or individual nutrients usually causes an 
increase in the spontaneous running activity of the rat’ °"**"™™ al- 
though some exceptions have been reported.**”” The measurement of run- 
ning activity has been used for investigations into motivation, for instance, 
as a measure of the hunger and thirst drives.”"*” Wald and Jackson” con- 
sidered the hyperactivity of rats during nutritional deprivation an example 
of mammalian emigration to relieve the nutritional pressure on the home 
population. 


On the other hand, muscular activity is one of several means by which 
body temperature can be maintained through an increase in heat produc- 
tion.”*"™ If the increased activity during starvation primarily reflects some 
function in the maintenance of body temperature, then there should be a 
relation between the environmental temperature and the degree of activity 
in starvation. 


METHODS 


Male Sprague-Dawley rats (300-400 gm.) were fed a synthetic diet (4.2 cal./gm.). 
In this diet approximately 70 per cent of the calories were derived from sucrose, 20 per 
cent from crude casein and 10 per cent from corn oil. Adequate amounts of the known 
necessary vitamins and salts were added to the mixture.” Food and water were pro- 
vided ad libitum, except when one or the other was specifically restricted. The rats 
used in the acclimatization study were eight to nine weeks old at the beginning of the 
28-week experiment. All other rats were 10 to 12 weeks old at the start of the 
experiments. 


No other animals were kept in the experimental room and it was entered only for 
daily care and recording. The lights were automatically turned on at 8 a.m. and off at 
8 p.m. The temperature of this room could be controlled to + 1° C. at levels from 5 
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to 35° C. The relative humidity was kept at 50 per cent, except at 10° C. and below 
when it could not be maintained and rose to about 90 per cent. 

The animals lived in individual activity cages unless otherwise specified; some con- 
trol studies were made in ordinary individual cages (7 x 9 x 6 inches). The activity 
cage consisted of a revolving drum, 14 inches in diameter, and a small living cage 
separable from the drum by a 
sliding door.* This door was 
10°C. never closed during these ex- 
periments. A Veedor counter 
recorded each complete revolu- 
tion of the drum. Twelve of 
these cages were arranged in 


OF A-acclimatized 


9rF three rows on a specially con- 
structed rack. As noted by 
2 er Reed” the animals required 
> about 10 days to adjust to the 
4 activity cage and showed a 
consistent level of activity fol- 
= lowing this period. 
z 6 


Skin and colonic tempera- 
tures were recorded by thermo- 
couples.+ The representative 
skin temperature was taken as 
the average of readings from 
three areas, the back, about 
one inch from the base of the 


REVOLUTIONS / DAY 


3+ tail, and the “thighs” of each 
hind leg. Each of these areas 
ot had been shaved. The colonic 
temperatures were obtained by 
inserting a _ rectal thermo- 
'r couple 2 to 2%4 inches past the 

anal orifice. 

2 3 4 

DAYS OF STARVATION RESULTS 
Fic. 1. The increases in spontaneous activity which Figure 1 shows the in- 
occurred during four days of starvation at various _ . + hi a 
environmental temperatures. crease in activity which oc 


curred at environmental 
temperatures from 5° C. to 22° C. during four days of starvation. The 
running activity progressively increased up to the fourth day of food depri- 
vation. The rate of increase was dependent on the surrounding temperature 
and was greatest in the cold environments. Curves at higher environmental 
temperatures (27°, 30°, 33° C.) are not shown since they were similar to, 


* From Geo. H. Wahmann Mfg. Co., Baltimore, U.S.A. ; ; 
+ Electric thermometer manufactured by Light Laboratories, Brighton, England. 
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but shallower than, that at 22° C. Since the limit of survival for those 
animals in the cold was about four days, the fourth day was chosen for 
comparison of the activity at all environmental temperatures. 

Figure 2 shows the spontaneous running activity of rats during the fed 
state and on the fourth day 
of starvation at environ- 
mental temperatures rang- 
ing from 5° to 33° C. In 
the fed state, the activity 
was about 1000 rev./day 
at environmental tempera- Feo stare 
tures from 15° to 27° C., MMB 4th DAY OF STARVATION 
decreasing to 450 at 33° C. 
and to 700 at 5° C. This 
decrease in warm and 
cool environment has been 
noted by Reed.” 

During starvation there 
were increases in sponta- 
neous activity which varied 
considerably with the en- 
vironmental temperature. 
At 22° C. the average ac- 
tivity had risen to 2800 
rev./day by the fourth day. 
In warmer environments 
the increase was less, 
reaching 1,150 at 33° C. 
At temperatures below 22° 
C. the activity showed very 
marked increases, rising to 


6.000 at 15° C.. 11.000 at Fic. 2. The spontaneous running activity of rats in 

ee hese the fed state and on the fourth day of starvation at 
10° C., but only to 9,450 various environmental temperatures. Vertical lines 
at 5° C. These animals at represent the standard error. 


15°, 10°, and 5° C. were 

groups of rats (originally 12 in each group) not fully acclimatized to the 

cold. They were adjusted to the activity cages at 22° C. and then exposed 

to one of the lower temperatures for 10 to 15 days before starvation. 
Figure 2 also contains the results from 12 animals that were exposed to 

all the environmental temperatures studied. These animals were taken 

gradually from 33° to 5° C. over a period of seven months, with intervals 


REVOLUTIONS / DAY IN THOUSANDS 


ENVIRONMENTAL TEMPERATURE °C. 
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of adaptation, starvation, and recuperation at each of the designated tem- 
peratures. The time spent at each temperature was about four weeks. In 
view of the exposure to gradually decreasing temperatures and the time 
spent at each temperature, it is probable that these rats were fairly well 
acclimatized to the cold."***” No acclimatization was evident in the 
activity of rats at temperatures of 22° C. and above. 

The acclimatized rats displayed a lower average activity in starvation at 
15°, 10°, and 5° C. than the corresponding nonacclimatized groups. None 


TasLe 1. Bopy WeicuHt Loss DurtnG Four Days oF STARVATION 


Body weight loss (gm.) 


Env 
temp. Activity cage Ordinary 
Nenacclimatized Acclimatized cage 
5 109 99 110 

10 111 100 

15 72 64 

22 63 52 

27 48 

30 48 

33 42 41 


of the acclimatized animals died at any temperature during their four days 
of starvation, whereas in the nonacclimatized groups, seven died at 10° C. 
and four at 5° C. At 10° C. several of these animals were found prostrate 
and very cold on the fourth day of starvation after having run close to 
13,000 revolutions during the previous 24 hours. Two of these animals 
were successfully revived by placing them in a warmer environment. 

Table 1 shows the loss of body weight during the four days of starvation. 
Both the weight loss and the activity increased as the environmental tem- 
perature dropped. Rats of comparable weight were starved in ordinary 
individual cages at various environmental temperatures; these animals 
showed losses of body weight in four days similar to those of animals in the 
activity cages. At 22° C., the average length of survival in the ordinary 
cage was about nine days and in the activity cage about seven days. In the 
cold (5° C.) the survival was close to four days” after starvation in either 
type of cage. 

Figure 3 demonstrates the effects of partial food restriction and complete 
water deprivation on the spontaneous activity and body weight loss when 
rats were given one-third (7 gm./day) of their voluntary food intake at 
22° C. The daily activity gradually increased over a period of 17 days, when 
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maximal activity appeared to have been reached at slightly under 2,000 
rev./day. This is lower than that observed in the completely starved rat. 
Refeeding resulted in an abrupt return to, or slightly below, the initial level 
of activity. This fall in activity on return of food was characteristic of ani- 


REVOLUTIONS/DAY IN THOUSANDS 


T T T 


= 


ON 
Av0/0003 OZ 


= 


DAILY Pooo INPAKE om? 
BODY WEIGHT (GM) BODY WEIGHT (GM) 


Fic. 3. The daily spontaneous activity, body weight loss, and food intake during 
(a) partial food and (b) complete water deprivation at an environmental temperature 
of 22° C. Eight rats were used in each study. 


mals at all temperatures. Finger*® also has reported a depression of activity 
following restoration of food. 

Complete water restriction produced a similar picture. The activity 
increased gradually over a period of 13 days to form a plateau at close to 
1,500 rev./day. The drop in activity on the first day after the return of 
water has also been observed by Finger and Reid,” but the depression below 
pre-thirst levels did not appear in our animals. For most of the period of 
water lack the food intake was about 7 gm./day but during maximal activity 
it was 8 gm./day.“*” This food intake may account for the slightly lower 
maximal activity of these animals compared to the partial food-restricted 
group. 
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Preliminary experiments have been done on the skin and colonic tempera- 
tures of rats during starvation at 22° C. Figure 4 shows the temperature 
changes of rats in canvas slings, to minimize muscular activity, and in those 
allowed to move freely in ordinary individual cages (not activity cages). 
The animals starved in the slings showed a decline in both skin and colonic 
temperatures. The largest decrease was in the skin temperature. These 


SKIN COLONIC 
RESTRICTED -FEO (6) 


(°c) 


p44 


“ORDINARY STARVED (3) RESTRICTEO-FED (6) 


FEMPERATURE 


RESTRICTED ~STARVED (4) 


RESTRICTED STARVED (4) 


i 


7 


DAYS 


Fic. 4. The changes in skin and colonic temperatures of rats starved in canvas slings 
(Restricted-Starved), fed while in slings (Restricted-Fed) and starved but allowed to 
move freely in ordinary single cages (Ordinary-Starved). Vertical bars represent the 
standard error of the mean difference. Numbers in parenthesis represent number of 
animals. The environmental temperature was 22° C. 


decreases did not appear in rats which were fed during a four-day period 
in the slings. Rats starved but allowed to move freely maintained their skin 


and colonic temperatures for at least the first six days of complete food 
deprivation. 


DISCUSSION 


Starvation causes an increase in the spontaneous activity of the rat. The 
inverse relation which we have observed between the level of the environ- 
mental temperature and the amount of activity supports the hypothesis that 
this increase in activity is related to the maintenance of body temperature in 
starvation. This hypothesis is further supported by our preliminary observa- 
tions that the body temperature tends to fall in starvation when activity is 
restricted, but not when it is permitted. 
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A relation between activity and metabolic rate has long been con- 
sidered™**"**” and it is well known that the metabolic rate increases as 
the environmental temperature falls..*"*** Thus the great increase in 
activity upon starvation in the cold might be considered a reflection of the 
raised metabolic rate. The increase in metabolism on exposure to cold, how- 
ever, occurs even in the fed state and in this state there is no increase in 
activity during exposure to cold. On the other hand, in a temperate environ- 
ment, the metabolic rate usually falls as starvation progresses, but in the 
cold there is no fall in metabolic rate on starvation.” Thus, there seems to be 
little, if any, direct relation between the level of activity and the level of the 
basal metabolic rate in starvation. 

If food is available ad libitum, rats maintain their colonic temperature, 
and may even increase it slightly, when exposed to a cold environment."* 
Starvation in man may cause temperature to fall to 35° C. and a diminished 
cutaneous circulation is suggested by pallor of the skin.” The present study 
indicates that, in the rat, starvation causes a fall in the core and peripheral 
temperature of the rat when activity is severely restricted, but not when 
activity is possible. 

It appears from the similarity of the weight losses in the two cages that 
starvation increases the activity of rats in ordinary individual cages or in 
activity cages equally. Our methods of observation did not measure activity 
in the form of shivering and it is possible that the animals in the individual 
cages achieved a part of their increased muscular activity in this manner. 
Increased shivering may have decreased the running of acclimatized and 
nonacclimatized rats at 5° C. compared to that at 10° C* 

Bargeton et al.* have found that the heat production of acclimatized rats 
is less than that of nonacclimatized rats in a cold environment. From this 
it may be inferred that acclimatization is associated with a reduced loss of 
heat. And it is the acclimatized animals which show a smaller increase in 
activity on starvation in the cold. The improved conservation of heat 
has perhaps reduced the demand for its production to maintain body 
temperature. 

The ability of the body to conserve heat is dependent on its effective 
insulation and this is increased in various ways in the acclimatized animal. 
Starvation undoubtedly causes a deterioration in this insulation; e.g. 
through catabolism of the subcutaneous fat. With the progress of starvation, 
the ability to conserve heat may thus steadily decline and lead to an increas- 
ing demand for the production of heat to maintain body temperature. This 
increasing demand could be supplied, in part at least, by a steady increase 
in muscular activity. 
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Brobeck* has supported the hypothesis that regulation of food intake is 
related to the regulation of body temperature. He and his colleagues’ have 
also observed that a decline in body temperature precedes the rise in run- 
ning activity that occurs with estrus and that the low activity in pseudo- 
pregnancy is associated with a high body temperature. Ryan” has recently 
shown that dinitrophenol causes a marked increase in the body temperature 
of dogs and it is known” that this drug, which increases the oxygen 
consumption and presumably the heat production, reduces activity. 
Muscular activity appears to be closely related to the maintenance of body 
temperature, and to be interrelated with food intake in this function. The 
increase in activity on deprivation of water would not, at first, appear to 
support this conclusion, but even in this circumstance the degree of activity 
was related to the amount of food eaten. 


SUMMARY 


1. The running activity of rats increased in starvation. This increase in 
activity was inversely related to the environmental temperature between 
33° and 10° C. and varied from 2 to 14 times that in the fed state. The 
activity at 5° C., however, was lower than that at 10° C. 


2. Starvation did not produce as great an increase in the activity of 
acclimatized as in nonacclimatized rats at temperatures from 5° to 15° C. 

3. The weight loss during four days of starvation in activity or in 
ordinary cages was similar and increased as the environmental temperature 
decreased. 

4. Rats restricted to one-third (7.0 gm.) of their voluntary daily food 
intake, or completely deprived of water, increased their activity gradually 
and reached a maximum activity in 17 and 13 days, respectively. This 
activity was less than that after four days of starvation. The activity of the 
water deprived group was slightly less than that of the partial food- 
restricted animals but the food intake of the former was 8.0 gm. during 
maximal activity. Both groups showed a sudden drop to, or below, their 
initial level of activity on return of food or water ad libitum. This also 
occurred after complete starvation. 


5. The rectal and skin temperatures decreased during starvation when 
activity was severely restricted, but not when the animals were fed and 
restricted simultaneously or starved with freedom of movement. 

It is suggested that the increased activity during starvation is related to 


the maintenance of body temperature and is interrelated with food intake in 
this function. 
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EPIDEMIOLOGY OF SUICIDE AMONG COLLEGE STUDENTS** 


INTRODUCTION 


Suicide is more common among college students than many people realize. 
A recent survey of the causes of death of 209 Yale University students from 
1920 to 1955 revealed the following most common causes of death: (i) acci- 
dents—43.8 per cent; (ii) suicide—12 per cent; (iii) heart and circulatory 
diseases—7.7 per cent; (iv) pneumonia—7.2 per cent; and (v) central 
nervous system infections—6.3 per cent.” Diehl and Shepard* made a simi- 
lar study of 327 deaths among college students from nine universities dur- 
ing the ten-year period from 1925 to 1935. They found the following leading 
causes of death: (i) accidents—26.3 per cent; (ii) heart and circulatory 
diseases—10.1 per cent; and (iii) suicide—8.0 per cent. One may conclude 
from these two studies that suicides account for 8 to 12 per cent of all 
deaths among college students. 

It has been estimated that more than 20,000 people commit suicide in the 
United States each year.” Dublin® reported the suicide rate for the United 
States in 1930, 15.6 per 100,000 living, occupies a middle position among 
the rates of countries for which the records are available. Collins et al.’ 
found suicide the fifth most common cause of death in the white population 
of the United States, for the age group from 15-24, for 1950. A review of 
the available literature failed to provide any reliable statistics on the inci- 
dence of suicide among college students. It is commonly believed that the 
incidence of suicide is higher among college students than among the non- 
college population in the same age group. This opinion was recently ex- 
pressed by Mr. T. R. Henn, Senior Tutor of St. Catherine’s College, Cam- 
bridge, England when he addressed the World Conference on Medical 
Education. Mr. Henn stated: 
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Although there are no accurate statistics, the incidence of suicide at the two older 
universities (Oxford and Cambridge) is higher than at the other universities in Great 
Britain. The incidence was much higher in students than in comparable groups of 
non-students.’ 


It is obvious that statements of this nature, without facts to support them, 
merely express the opinion of one individual. In a letter to the editor of The 
London Times, Mr. S. R. Dennison, Senior Tutor of Caius College, 
Cambridge, replied to Mr. Henn’s remarks: 


The Senior Tutor of St. Catherine’s College is reported to have informed the World 
Conference on Medical Education that the incidence of suicides among students is 
higher at Oxford and Cambridge than at other universities, although admitting that 
no accurate statistics exist and doubting whether they could be made available. I sug- 
gest that there are no statistics whatever of the kind needed to make proper compari- 
sons between universities, and with other groups in the non-university population. Until 
we know some of the simple facts, we should be well advised to avoid diagnosing, and 
prescribing for, a problem which so far has not been shown to exist.” 


PURPOSE 


The purpose of this report was to collect some of the simple facts which 
appear to be lacking about suicides among college students, to compare the 
incidence of suicide among college students with that of the noncollege 
population, and to determine some of the epidemiological factors related to 
suicide in this group. There are many theories concerning the psychopatho- 
genesis of suicide and many environmental factors that seem to precipitate 
the act in an individual ; therefore, an epidemiological approach was selected 
for this study. Gordon® emphasized the “biologic gradient” of disease in 
living organisms—the disease may result in complete recovery, a complica- 
tion, or death. Previous studies failed to point out a specific cause for 
suicide, but suggested that suicide is a complex interaction of personality, 
environment, and culture. The epidemiologist would use slightly different 
terms—the host, the agent, and the environment. What are these factors in 
suicide among college students? 


MATERIALS 


The suicides reported in this study were taken from the files of the 
Department of Mental Hygiene and Psychiatry, the Department of Uni- 
versity Health, and the Alumni Records Office of Yale University. A stu- 
dent suicide was defined to include students who took their lives during the 
academic year or summer vacation, and any student who withdrew from 
college or was given a psychiatric leave of absence and committed suicide 
within one year of his separation. 
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; Each suicide was confirmed by a death certificate from the Bureau of 
Vital Statistics in the town where death occurred. Valuable information was 
obtained from the individual records of the deceased in the Department of 
Alumni Records. In most instances these records contained the personal 
history of the student and his family, the date the student withdrew from 
college (because of death or a psychiatric leave of absence), a death certifi- 
cate, and newspaper clippings describing the circumstances of the suicide. 

Medical records from the Department of University Health provided the 

student’s past medical history, his family medical history, and any diseases 

he had while in college. The psychiatric record of any student seen in the 

Department of Mental Hygiene was studied and the diagnosis recorded. 

The Registrar’s Office supplied the student’s academic record, and the class 

yearbooks described his extracurricular activities. 


INCIDENCE AND PREVALENCE 


Suicide accounted for 25, or 12 per cent, of 209 student deaths among 
Yale University students from 1920-1955. It was second only to accidents 
as a leading cause of death in the student population. Each year approxi- 
mately 20-30 students are seen by the Department of Mental Hygiene who 
have serious suicidal thoughts. The present study was confined to actual 
deaths or successful suicidal attempts. 

The crude death rate of Yale students was lower than the crude death 
rate of a comparable noncollege population. Of the 209 students who died 
during the 35-year period studied, 95 per cent were white males, and 86 per 
cent were in the 15-24-year age group. This being the case, Yale suicides 
were compared with suicides in the general population for the year 1950 
(white males 15-24 years of age). There was only one death at Yale in 
1950, consequently the suicides from 1945-1950 were used to calculate the 
specific-cause-of-death rate. This procedure seemed legitimate since the 
student population and the national economy remained stable during that 
period. There were 5.1 suicides expected, if the national rates prevailed, and 
7.0 suicides observed. The national suicide death rate was 6.6 per 100,000 
for white males 15-24 years of age, and the Yale student suicide death rate 
was 9.0 per 100,000. This difference was not statistically significant using 
the Chi-square technique. 


AGE, SEX, AND CLASS 


All of the suicide victims were white males except for one white female. 
This uneven sex distribution should not be considered unusual, for women 
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are admitted only to the graduate and professional schools. All of the stu- 
dents were native-born Americans, except for one French graduate student. 

There were 15 suicides among undergraduate students, and 10 among 
graduate and professional school students. The age of the undergraduates 
ranged from 18-24 years with an average of 20.2 years. The ages of the 
graduate students ranged from 21-31 years with an average age of 26.4 
years. There were 13 suicides in the age group from 18-21, 7 in the age 


Tas_e 1. DEATH RATE FROM SuIciIpDE AMONG YALE STUDENTS 1920-1955 


Number of Population Death rate 
Class suicides at risk** per 100,000 


Freshman* 2 32,231 6.2 
Sophomore* 7 27,590 25.4 
Junior* 2 27,590 
Senior* 4 27,590 14.5 
Medical 2 8,172 24.5 
Law 1 12,614 7.9 
Divinity 1 9,001 12.2 
Graduate 5 25,349 19,7 
Nursing 1 3,781 26.4 


* Undergraduate classes. 
** These figures calculated from University Catalogues of Yale University, 1920- 
955. 


group from 22-25, and 5 in the age group from 26-31. The lower incidence 
in the latter group can be accounted for by a smaller population at risk, 
since 86 per cent of 209 students who died from all causes were in the age 
group from 15-24 years. Table 1 shows the number of suicides in each class, 
the population at risk in each class, and the suicide death rate per 100,000 
for each class. The highest rates were found in the undergraduate sopho- 
more class, the medical classes, and the nursing classes. The lowest rate was 
in the undergraduate freshman class. The difference in these death rates 
was not statistically significant because the number of suicide cases studied 
was small. They do suggest that more extensive investigation might prove 
fruitful. 


PLACE AND METHOD 


Ten students committed suicide in the college community, New Haven; 
nine in either their dormitory or fraternity house room, and one in a local 
hotel. They were enrolled in school at the time of death. Eleven took their 
lives at home—four of them were enrolled in school at the time of death, 
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and seven were home on a psychiatric leave of absence or had withdrawn 
from school. Four students killed themselves in localities away from both 
school and home. They were all enrolled in school at the time. 

Dublin* stated that about four-fifths of those who die by their own hand 
in the United States use one of four methods—shooting, hanging, poisoning, 
or asphyxiation by gas. White males use firearms as the most frequent 
method of suicide. In keeping with this observation, 96 per cent of Yale 
students died by one of these four methods. Table 2 summarizes the method 
of suicide selected by the students. 


TABLE 2. METHOD oF SurcipE Usep spy YALE Stupents 1920-1955 


a Method Number Per cent 


Firearms 10 
Hanging 6 
Asphyxiation 5 
Poisoning 3 
Jumped from a 

a high place 


Total 25 


Some of the student suicide victims seemed to show psychic determinants 
in the choice of their miethod. It is interesting that three of the ten students 
who used firearms were gun collectors and disposed of themselves with a 
favorite weapon. The three students who used poison had an intimate 
knowledge of chemistry. Two undergraduate chemistry students selected 
potassium cyanide, a classical poison. One medical student chose “Black 
Leaf 40,” a deadly insecticide containing nicotine, in spite of the fact that 
sleeping pills were readily accessible to him. Possibly he realized that seda- 
tives have a slower onset of action, and his chances of being discovered and 
revived were greater if he used sedatives. 


TIME RELATIONSHIPS 


Studies of large numbers of suicides show an incidence peak in the spring 
and early summer months. The largest number of suicides found in this 
report were in January (five) and April (four). The number of suicides by 
months were: five in January, one in February, none in March, four in 
April, two in May, one in June, two in July, one in August, three in Sep- 
tember, one in October, two in November, and three in December. Four of 
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the deaths occurred during the Christmas vacation period, six during the 
summer vacation period, and fifteen during the school year. 

The day of the week students selected to do away with themselves were: 
four on Monday, two on Tuesday, four on Wednesday, nine on Thursday, 
one on Friday, two on Saturday, and three on Sunday. The day a student 
chose for suicide seemed significant in three instances—two students se- 
lected New Year’s Day, and one student took his life on the birthday of 
a former roommate who had committed suicide two years before. 


TABLE 3. DEMOGRAPHIC CHANGES OF YALE StuDENT Deatus 1920-1955 


54 
Z 
1920-1929 1930-1939 1940-1949 1950-1955 


ACCIDENTS SUICIDES 


Co INFECTIOUS G2) EST. DEATHS 
DISEASES 1950-1959 


NUMBER OF DEATHS 


The time of day students killed themselves was as follows: ten died from 
12 midnight to 6 a.m.; four died from 6 a.m. to 12 noon; six died from 12 
noon to 6 p.m.; and four died from 6 p.m. to 12 midnight. The time of death 
could not be found for one student. These data suggest that insomnia associ- 
ated with suicidal thoughts accounts for a large number of suicides late at 
night and in the early morning hours. 


A study of the demographic changes of Yale student deaths from 1920- 
1955 may be found in Table 3. Deaths from communicable diseases have 
declined since 1920-1929, placing accidents as the number one killer of 
college youths. The number of suicides rose sharply during the depression , 
years, then dropped to a lower level during, and immediately following, 
World Wars I and II. In general, suicide rates increase during periods of 
economic stress, and decline during wars. This held true for the incidence of 
suicide among college students. 
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DIAGNOSIS 


Only 11 of the 25 students who committed suicide were seen in the 
Department of Mental Hygiene and Psychiatry. The Department was not 
organized until October 3, 1925; the actual patient work began a year later. 
One suicide occurred in 1925 before the Department was organized. There- 
fore, only 45 per cent of those who took their lives received psychiatric 
treatment. Three students were referred to the Department by faculty mem- 
bers, four by physicians from the Department of University Health, one by 
a roommate who majored in psychology, one by a private psychiatrist who 
had been treating a student, one by a freshman counselor (a student), and 
one was a self-referral (a medical student). Of the students who were 
treated by the Department, the following diagnoses were made: psychotic 
depression—3 ; schizophrenia, paranoid type—1 ; anxiety reaction—2 ; acute 
dissociative reaction with paranoid features—l ; severe character neurosis— 
1; chronic alcoholism—1 ; and psychopathic personality with homosexuality 
—l. 

Eight of the students not seen by the Department killed themselves 
unexpectedly ; no personality changes were noted by either faculty members 
or classmates. Four students who were not seen by the Department had 
expressed feelings of futility and depression to classmates, and, in addition, 
two students who showed a lack of interest in their school work, excessive 
absence from classes, and infraction of school regulations were known to 
the faculty. They were not referred for counseling. 


The symptoms observed among students, in order of their frequency, 
were: feelings of despondency and futility; lack of interest in school work 
with, or without, frequent class cutting; a feeling of tenseness around peo- 
ple; insomnia; suicidal thoughts communicated to others; fatigue and 
malaise without an apparent organic cause; a feeling of inadequacy and 
unworthiness ; excessive use of alcohol; antisocial behavior with frequent 
infraction of school regulations ; and brooding over the death of a loved one. 


It has been stated that physical illness, especially in older people, is a 
frequent motive for suicide. This did not prove the case among these stu- 
dents. Only one patient had a serious medical problem: a duodenal ulcer 
which was asymptomatic at the time of death. 


COLLEGE ACTIVITIES 


A common fallacy is that only brilliant, talented students commit suicide. 
Only 3 of the 25 students in this study were Phi Beta Kappa members. Of 
those who took their lives, 6 were excellent students, 5 were poor students, 
and the majority, 14, were average students. There were noticeable changes 
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in the academic records of 5 students the semester before their act of self- 
destruction. Their grades declined from 12 to 25 points with an average 
drop of 15 points per student. This sudden drop in grades probably reflects 
the anxious, agitated state of a student with lack of interest in, and inability 
to concentrate on, scholastic material. A sudden change in grades may pro- 
vide the alert teacher or administrator with a clue that a student is emo- 
tionally disturbed. 


What type of student is more prone to take his own life? Many people 
have the preconceived notion that the introvert—the quiet, bookworm who 
doesn’t mix well socially—is more susceptible. Of 25 students who de- 
stroyed themselves, 10 were very active in extracurricular activities, 3 were 
moderately active, and 12 were not active. There were 10 fraternity men 
and 15 nonfraternity members. Six of the group were outstanding athletes. 
There were 22 single students, 2 married students with children, and 1 
separated student with a child. Fourteen students came from families in 
which both parents were living together, 5 came from broken homes, 3 
came from families in which one parent had died and the other had re- 
married, 2 came from families in which one parent was deceased and the 
other had not remarried, and 1 came from a family in which both parents 
were dead. Only three of the family histories were positive for mental 
disease. The father’s occupation in 6 instances was an executive, 4 were 
professional men, 4 were bankers, 3 were educators, 3 worked in business 
offices, 2 were writers, and 1 was a farmer. Thus, 14 students came from 
families that were financially well-to-do. 

The religious affiliation listed by the deceased were: Protestant—20, 
nonaffiliated—4, and Roman Catholic—l. There were no suicides among 
the Jewish students. One difficulty with statistics of this kind is that often 
the population at risk—the number of students of each denomination—is 
not known. Fortunately, these data are available. During the past 35 years 
there have been approximately 62 per cent Protestant students, 14 per cent 
Catholic students, 13 per cent Jewish students, and 11 per cent nonaffiliated 
students. Of course, these data do not relate how “deeply religious” an 
individual may have been. No valid conclusions can be drawn about the 
incidence of suicide among these different religious groups. 


AREAS OF STRESS 


Financial problems were an important source of environmental stress for 
eight students. Six students were either on scholarships or working to sup- 
port themselves. One student took his life when he lost a job that would 
have allowed him to continue his education. A graduate student who was 
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teaching while working for an advanced degree became despondent when 
his wife became pregnant for the third time. Evidently, his teaching assign- 
ments, his studies, and his financial worries with four mouths to feed were 
too much for him. Another scholarship student was observed by his pro- 
fessor to be working too hard; this was just two weeks before he killed 
himself. Two students who were unable to keep up with their wealthy 
friends complained of insufficient funds; one of them committed suicide the 
day he received a letter from his mother reprimanding him for overspending 
and stating that if this practice did not stop he would have to withdraw 
from school. 

Sexual adjustments were contributing difficulties for six students. Three 
of them had proposals for marriage rejected, and shortly afterwards found 
life unbearable. One student murdered the girl who turned him down, then 
shot himself. One medical student who had suffered a depression during 
college killed himself just 10 days after becoming engaged. He feared that 
he would become insane and ruin his marriage. One student with marital 
difficulties took his life soon after becoming estranged towards his wife. 
Another student, an overt homosexual, was overcome by feelings of guilt 
and anxiety. 

Moss and Hamilton” recently called attention to “the death trend” as a 
significant feature of suicide patients. “The death trend involves the death 
or loss under dramatic and often tragic circumstances of individuals closely 
related to the patient, generally parents, siblings, and mates.” Only 5 of the 
25 students in this study had lost a parent or close relation. Two of these 
patients suggest a strong death trend. One student expressed a morbid 
longing for a younger sister who died seven years earlier, and another 
student committed suicide on the birthday of a former roommate who had 
committed suicide two years earlier. 


DISCUSSION 


Suicide is an important public health problem among college students ; it 
is the second most common cause of death in this group, accounting for 8 to 
12 per cent of all deaths. Students in college are faced with many psycho- 
logical and emotional stresses: they are usually away from home for the 
first time and have to adjust to a new environment, make new friends, and 
plan their own personal lives; they must adjust from a dependent mode of 
existence to an independent one; adjustments and attitudes towards the 
opposite sex are being worked out; new ideas related to life, customs, 
mores, and religion are presented and often conflict with what has been 
taught at home; and often for the first time the student begins to realize the 
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importance of doing well in his academic studies because his future liveli- 
hood depends on it. Fry’ mentioned that a student has the following adjust- 
ments to make: sexual and behavioral adjustments, family adjustments, 
scholastic adjustments, and social adjustments. Many students find it im- 
possible to make these unaided. Farnsworth’ estimated 10 per cent of all 
college students need professional help with their conflicts and emotional 
problems. 

American colleges and universities have not assumed their full share of 
responsibility where the physical and mental health of their student popula- 
tion is concerned. It was estimated from a 1953 survey of 1,157 colleges that 
one in three has no clinical service, one in three has clinical services for 
minor disorders, and one in three has clinical services for both major and 
minor disorders.” When one realizes that there are approximately two and 
one-half million students enrolled in American colleges, the problem of pre- 
ventive psychiatry and mental hygiene becomes a stimulating challenge. 
Abnormal behavior can be diagnosed early in a college setting—the problem 
is to teach students and faculty members the basic principles of mental 


hygiene and to provide students with adequate psychiatric counseling 
services. 


SUMMARY 


1. This study found that suicide accounted for 25, or 12 per cent, of 
209 deaths among college students from 1920-1955. The death rate from 
suicides among college students is not significantly higher than a comparable 
group of the noncollege population. 

2. Of the 25 suicides investigated in this study, 40 per cent committed 
suicide in the college community, 40 per cent at home, and 20 per cent away 
from both home and college. Ninety-six per cent of them selected one of 
four methods for self-destruction—firearms, hanging, asphyxiation by gas, 
or poisoning. 

3. Though symptoms of emotional upset are frequently observed in a 
college environment, only 40 per cent of the patients who eventually took 
their lives were referred for psychiatric treatment. Only 6 of the 25 students 
in this study were brilliant in their studies; most of the students who 
committed suicide were average students. 

4. Financial worries, sexual adjustments, scholastic difficulties, and 
family adjustments were significant areas of added stress in the lives of the 
students in this study. 

5. The college community provides an excellent setting for preventive 
psychiatry and mental hygiene, but American colleges have not assumed 
their full share of responsibility for this problem. 
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BIOCHEMICAL ASPECTS OF PANCREATITIS** 


In its acute forms, pancreatitis is a severe and frequently fatal disease, 
characterized biochemically by intrapancreatic activation of very powerful 
digestive enzymes.” The activation of these enzymes results in hydrolytic 
cleavage of cellular structures followed by generalized pancreatic necrosis, 
peritonitis, and vasomotor collapse.” In its chronic forms, pancreatitis is 
a disabling disease associated with progressive digestive insufficiency due to 
decreasing concentrations of pancreatic enzymes in the intestinal contents.” 
Accordingly, malnutrition, anemia, and avitaminosis accompany the recur- 
rent epigastric pain which results from localized pancreatic inflammation. 


INTRACELLULAR METABOLISM OF THE PANCREAS 


The enzymes and external secretion of the pancreas are produced by the 
acinar cells.“ For an adequate understanding of pancreatitis, a great deal 
must be learned about the specific metabolism of these cells, inasmuch as at 
present there are relatively few established facts. The oxidative metabolism 
of the pancreas is apparently very similar to that of other tissues as indi- 
cated by (i) a QOz for pancreas slices of 6-7;""™ (ii) accumulation of 
citrate in the pancreas of the fluoroacetate-treated animal; and (iii) accumu- 
lation of isotope of labeled acetate and labeled pyruvate in the glutamate 
pool of the pancreas.” Evidence for very active protein synthesis has been 
obtained from studies in which isotopically labeled amino acids have been 
injected into animals in vivo. In the rat, labeling of protein with isotopically 
labeled lysine or glycine was greater in the pancreas than in any other 
tissue studied ;” in the dog, only the duodenal mucosa was as active in 
labeling of protein.” The quantity of protein produced by the human pan- 
creas has been calculated as 10-20 grams, i.e., one to two liters of exocrine 
secretion daily with a 1-2 per cent concentration of enzymes.” ” In some 
animals 20 per cent of the dry weight of the gland consists of enzymes with 
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trypsin, amylase, lipase, and ribonuclease comprising 10, 5, 2%, and % 
per cent respectively of the dry weight." Attempts to study synthesis of 
pancreatic enzymes in vitro have only gone as far as demonstration of 
enzyme synthesis by pancreatic slices. Hokin initially injected animals with 
cholinergic compounds to deplete the pancreas of enzymes;”™” he then 
incubated pancreas slices in media supplemented with amino acids, and 
found that the enzymatic concentration increased in the medium after the 
slice had been stimulated with carbamyl choline. 


THE EXOCRINE SECRETION OF THE PANCREAS 


As indicated in Table 1, the exocrine secretion of the pancreas contains 
a variety of hydrolytic enzymes, including the peptidases, trypsin, chymo- 
trypsin, and carboxypeptidase, the glycosidases, amylase and maltase, the 
esterases, cholesterol esterase and lipase, and the nucleases, ribonucleases 
and deoxyribonuclease.” 


Peptidases. Trypsin and chymotrypsin are normally present in the pan- 
creas as the inactive precursors, i.e., trypsinogen and chymotrypsinogen. 
Activation of both enzymes results from hydrolysis of a “protective” peptide 
from the main enzyme molecule. Trypsinogen is a protein which contains 
the peptide chain, valyl -aspartyl-aspartyl-aspartyl-aspartyl-lysyl-isoleucine ; 
in its activation to trypsin by trypsin, hydrolysis of the lysyl-isoleucyl bond 
results in the liberation of the active trypsin and the free hexapeptide, valyl- 
aspartyl-aspartyl-aspartyl-aspartyl-lysine.* In the duodenum and jejunum, 
trypsinogen is converted to active trypsin by the enzyme enterokinase."""""” 
The mechanism of the activation is not established, but is not simply a 
release from the inhibition of pancreatic trypsin inhibitor.“ Since trypsin 
itself can activate trypsinogen as noted above, the process is autocatalytic 
once started; calcium ion is an activator for the reaction.”” Trypsin is an 
endopeptidase attacking proteins either at the center or ends of the molecule 
at peptide bonds of the basic amino acids, arginine, and lysine on the amide 
linkage joining the carboxyl of these amino acids to the adjacent amino acid 
(Table 1).° The proteolytic activity of trypsin has been applied therapeuti- 
cally for enzymatic debridement of ulcerating or other chronic infections.” 


Chymotrypsinogen is a precursor of the proteinases grouped as chymo- 
trypsin (Table 1). In the course of its activation by trypsin, the “protective” 
peptide side chain is split off gradually resulting in a series of active chymo- 
trypsins, including alpha, beta, and gamma chymotrypsins,” pi chymotryp- 


sin,” and delta chymotrypsin.” Alpha chymotrypsinogen is a crystalline 
compound containing a peptide chain, leucyl-seryl-arginyl-isoleucyl-valine. 
In the pi chymotrypsin, the terminal isoleucyl-valine dipeptide has been 


ns 


é 
ties 
‘ 
PS 
ie 
¥ 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 29, June 1957 


split off the parent protein, while the delta form is the result of the loss of 
the seryl-arginine dipeptide.“ The chymotrypsins differ from trypsin in their 
ability to clot milk; their substrate specificity is also different from that of 
trypsin, since they require either an aromatic ring, such as that found in 
tryosine,” phenylalanine, and tryptophan or methionine™ adjacent to the 
peptide bond which they attack. 


Carboxypeptidase. In addition to the endopeptidases, trypsin and chymo- 
trypsin, the pancreas also secretes carboxypeptidase, an exopeptidase which 
attacks only terminal peptide bonds. This enzyme attacks the terminal pep- 
tide bond of a chain of amino acids at the carboxyl end of a polypeptide.” 


Trypsin inhibitors. The first of the trypsin inhibitors was isolated and 
crystallized from pancreas by Kunitz and Northrop and was shown to com- 
bine with trypsin stoichiometrically to yield a third protein possessing no 
proteolytic activity.” Inhibitors of trypsin have been isolated from a variety 
of sources, including soybeans, lima beans, and intestinal parasites such as 
Ascaris.” These compounds are polypeptides or proteins with molecular 
weights ranging from 8,000-40,000 and they are thought to combine with 
trypsin in a 1:1 ratio. The tenacity of their binding with trypsin is evident 
from the dissociation constant of the trypsin-inhibitor (pancreatic) com- 
plexes which have been estimated as 2 x 107° m.*"*"" The inhibition was 
originally thought to be noncompetitive, but Green has shown that the ethyl 
ester of the substrate, benzoyl-L-arganineamide, protects the enzyme against 
the pancreatic inhibitor. Green also found that DFP (diisopropylfluoro- 
phosphate ), which itself inhibits tryptic activity, protects the enzyme against 
combination with the pancreatic inhibitor and suggested that the inhibitor 
combines with the enzyme at the “active site.” Chymotrypsin is also 
inhibited by DFP. 

Tests of tryptic activity. Two clinical methods are useful for testing for 
intestinal activity of this enzyme group. In the first, hydrolysis of gelatin is 
measured either by a viscosimetric procedure which estimates liquefaction of 
gelatin’ or by the clearing of a spot on the x-ray film by a known dilution of 
a fecal suspension.” In each instance, a negative test is of little significance, 
since trypsin itself is hydrolyzed in the passage of the intestinal contents 
through the gut. The methods are most applicable in pediatric practice, 
since the stools of infants are generally soft and moist; in the adult, desicca- 
tion and hardening of the stool is associated with destruction of the enzyme.” 
A second method for the determination of proteolytic activity is the study 
of the stool for meat fibers (creatorrhea).“ This test is of some use in 
testing for pancreatic insufficiency. 
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Glycosidases. The most important of the pancreatic glycosidases is the 
enzyme pancreatic amylase (Table 1). This enzyme has a molecular 
weight of 45,000 and has the characteristics of an alpha amylase, i.e., it 
attacks the internal bonds of the polysaccharide and does not release single 
glucose units.“*” The enzyme specifically attacks the a-1, 4-glucosidic bond 
and exhibits no significant activity on structures with the B-glycosidic 
linkage. Pancreatic amylase hydrolyzes starch to maltose and trisaccharides 
and is activated fourfold by the addition of chloride ion. As far as can be 
determined, pancreatic amylase is the same enzyme as salivary amylase. The 
products of the hydrolytic activity of pancreatic amylase are hydrolyzed to 
glucose by maltase. 


Tests for amylase activity. The clinical methods applied to the determina- 
tion of amylase activity at present are “saccharogenic” or “amyloclas- 
tic." The method of Somogyi determines the quantity of glucose or 
reducing sugar liberated from an excess of buffered starch in 30 minutes at 
38° C. The results, expressed in terms of mg. of glucose liberated per 100 
cc. serum, are 70-200 Units for normal serum. In the “amyloclastic” method 
of Wohlgemuth, a series of dilutions of the serum are incubated with a 
limiting quantity of starch substrate for 30 minutes at 38° C. At the end of 
the incubation the degree of hydrolysis of the starch in each tube is deter- 
mined by addition of a drop of iodine; the highest dilution of serum which 
results in a colorless solution on the addition of iodine is the end-point ; the 
inverse of the dilution is reported as the number of units in the serum. 
Normally, 8-16 Wohlgemuth units of amylase activity are present per 100 
cc. of serum. Both methods are quite reliable as indexes of amylase activ- 
ity, but there seems little to choose between the two methods, inasmuch as 
the Somogyi procedure has the advantage of sensitivity, while the Wohl- 
gemuth procedure has the virtue of simplicity. 


Lipase. Pancreatic lipase is an esterase which is apparently the only lipase 
secreted in significant quantity or activity in the gastrointestinal tract. In 
general, it is more active toward triglycerides containing long chain, un- 
saturated fatty acids. The end-products of its activity are a mixture of 
diglycerides, monoglycerides, fatty acids, and glycerol. The optimum pH 
for the enzyme is 7-8 and the activity is enhanced by the addition of bile 
salts, calcium ion, and various peptides to the medium. Following the report 
of Elman on the usefulness of amylase studies for diagnosis of pancreatic 
inflammation, Cherry and Crandall reported an increase in plasma lipase 
activity in pancreatic obstruction.” The technique used for determination of 
the activity of the enzyme requires a 24-hour incubation of 5 cc. of a buf- 
fered suspension of olive oil with 1 cc. of serum at 40° followed by titration 
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of the liberated fatty acids. Unfortunately, the long incubation period has 
precluded the use of this technique as a routine procedure“ and more soluble 
substrates are being sought in an effort to shorten the required incubation 
time.“ In chronic pancreatic insufficiency, the lack of pancreatic lipase 
results in steatorrhea and the excretion of foul, greasy stools. The fat may 
be seen microscopically by staining the stool with Sudan IV or it may be 
determined gravimetrically ;* an increase in the percentage of lipid from the 
normal value of 10-20 to 40-50 per cent of the total dry weight of the stool 
is very suggestive of pancreatic disease.“ 


In addition to the enzymes discussed above, the pancreatic secretion con- 
tains enzymes which have been less extensively studied, both from a clinical 
or biochemical point of view; these include cholesterol esterase, ribonucle- 
ase, and deoxyribonuclease. The endocrine secretion of the pancreas con- 
tains two other polypeptides, insulin and glucagon, but these play no 
apparent role in pancreatitis. 


The inorganic compounds secreted by the pancreas are chiefly water and 
the ions normally found in the serum. Under the influence of secretin, the 
se. retion of water increases markedly, and the bicarbonate ion concentration 
rises io the level of the chloride ion, i.e., from 6-30 mEq./liter to 120-130 
mEq./liter, while the chloride ion concentration drops from 120 mEq./liter 
to 28 mEq./liter."*” In the secretin test for the study of pancreatic secre- 
tion, the average volume of secretion is 250 cc., generally containing 32 
mEq. of base as alkali reserve. In the test meal for gastric acidity, an aver- 
age of 180 cc. of 0.1 N base are required to neutralize the gastric secretion, 
i.e., 18 mEq. of acid are formed. The approximate equivalence of these 
values has been the source of speculation on the role of the pancreas in 
maintaining the normal duodenal pH and preventing peptic ulcer.“™ It is 
thought that the circulating blood is the source of the bicarbonate of the 
pancreatic secretion, inasmuch as C14Qz injected into secretin-treated ani- 
mals appears promptly in the pancreatic secretion. Although the mechanism 
of transfer of the bicarbonate from the blood to the pancreatic secretion is 
unknown, it is suspected that carbonic anhydrase may play an important 
role, inasmuch as Diamox ® inhibits both the increase in bicarbonate as 
well as the increase in total volume.” 


PHYSIOLOGICAL CONTROLS OF THE EXOCRINE SECRETION 


Secretin. Pavlov and his co-workers found that the flow of pancreatic 
secretion was initiated by the entry of gastric contents into the duodenum.” 
They also found that the pancreatic secretion varied with the diet, so that 
animals fed bread exhibited increased amylolytic activity, while a meat diet 
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evoked the maximum tryptic activity. While this challenging observation 
has not been explained, it has been verified by other workers since that 
time.” Bayliss and Starling found that the increase in secretion evoked by 
acid was mediated by secretin,* a polypeptide hormone formed by the duo- 
denal mucosa and released into the blood stream in the presence of acid. 
Secretin has been crystallized and has been found to have a molecular 
weight of 5,000."” Its amino acid composition has been studied by Agren 
and Willander who found that it contained much lysine and arginine, but 
no cystine, tyrosine, or tryptophan.” 


Secretin test for pancreatic function. The chief effects of secretin are the 
increases in volume and bicarbonate content of the pancreatic secretion and 
these effects are the parameters used in the secretin test for pancreatic 
function introduced clinically by Agren and Lagerlof."*” Following the 
intravenous injection of 0.75 mg/kg or 1 U/kg of the hormone, collection of 
the pancreatic secretion is carried out via a biluminal tube for an 80-minute 
period, in 1, 2, or 4 equal parts ;“*"” the outer lumen of the tube separates 
gastric secretion from the duodenal contents which are collected from the 
center lumen. The response should include the secretion of a volume of 
125-250 ml., with a bicarbonate concentration of 90-130 mEq./1., 90-1,200 
U. of amylase, 20-120 U. of trypsin, and 7,000-14,000 U. of lipase.” “” 


Vagal stimulation. The physiological controls of the secretion of pancrea- 
tic enzymes have been less extensively studied. Mellanby and others noted 
that stimulation of the vagus nerves or administration of cholinergic com- 
pounds results in the secretion of a small quantity of fluid rich in en- 
zymes; this secretion was found to he accompanied by discharge of 
zymogen granules of the pancreatic acinar cells. Similar effects have been 
obtained by the hormone pancreozymin which has been isolated from the 
small intestine by Harper and Raper.”” The relative role of the nerve 
impulses and hormones is not yet evaluated. 


PATHOGENESIS 


The acute inflammatory diseases of the pancreas are acute pancreatic 
necrosis (acute hemorrhagic pancreatitis) and acute interstitial pancreatitis 
(acute pancreatic edema). The significant development in pancreatitis is the 
release of free trypsin in the pancreatic acini or cells. The evidence for the 
key role of trypsin was obtained in experiments sf Polya and Rich and 
Duff.“ In 1905 Polya reported that the injection of as little as 1 ml. of 
a solution of trypsin into the pancreatic duct of dogs resulted in fatal acute 
hemorrhagic pancreatitis, while injection of greater volumes of inactivated 
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preparations did not result in such lesions. Rich and Duff pointed out that 
trypsin, unlike pepsin, produced severe local hemorrhage,” “"“ edema, and 
necrosis. 


Mechanism of release of trypsin. The basic question in the etiology of 
pancreatitis is what is the mechanism of activation and/or release of the 
trypsin? Kunitz has shown that crystalline trypsinogen continuously under- 
goes spontaneous breakdown to yield trypsin and this process is catalyzed 
by ammonium sulfate or magnesium sulfate.” If this process were not 
rapidly and effectively suppressed in the pancreatic cells, acute pancreatitis 
would be a far more common clinical event than it is at present. A relatively 
small number of trypsin molecules would “autocatalyze” activation of a 
progressively increasing number of molecules to trypsin and chymotrypsin.” 
It can be presumed that the large quantity of very effective pancreatic tryp- 
sin inhibitor suppresses this process in its inception. Evidence for this con- 
cept has come from studies of Kalser and Grossman who produced pan- 
creatitis by daily administration of ethionine, an analogue inhibitor of 
methionine metabolism.” They found an increase in the concentration of 
active trypsin in the pancreatic secretion and in the pancreas. Significantly, 
they found a depression in the ratio of the concentration of trypsin inhibitor 
to trypsin, both in the pancreatic secretion and in the pancreatic tissue. 

These studies do not provide insight into the mechanism of reduction of 
trypsin inhibitor in human pancreatitis. However, a number of other theories 
for pancreatitis relate indirectly to this question. The older theories of patho- 
genesis of pancreatitis include: (i) the “obstruction-hypertension theory” 
which suggests that the pressure is elevated in the pancreatic ducts and 
function is suppressed by the ensuing increased cellular pressure ;7"°°"*"” 
(ii) the “common channel theory” which suggests that there may exist a 
common channel between the bile ducts and the pancreatic ducts with bile 
acting as a hypothetical activating agent for trypsin ;”™ and (iii) the “over- 
secretion” theory which is supposed to account for the relationship of pan- 
creatitis to alcoholism.” ””“” Each of these possibilities may account for 
a temporary cessation of formation of trypsin inhibitor. If this inhibitor is 
normally the rate-limiting factor for activation of trypsinogen, its absence 
would result in a sudden increase in active trypsin in the gland, and thereby 
set off the whole hydrolytic process. 

The chronic inflammation of the pancreas, chronic relapsing pancreatitis, 
is divided into two stages of recurrent pancreatitis and pancreatic insuf- 
ficiency. Recurrent pancreatitis is considered to be a more localized acute 
interstitial pancreatitis, while the end-stage of pancreatic insufficiency 
results from fibrosis of ‘the pancreas (Table 2). 
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TABLE 2. 


Pathogenesis Clinical signs Laboratory findings Therapy 


AcuTEeE PANCREATIC INFLAMMATION 


I. Intrapancreatic 
decreased 
Trypsin inhib. 


1. tryptic hy- violent epigastric 1. Meperidine, opiates 
drolysis of pain 2. Nerve blocks 
gland, edema 3. Atropine-like drugs 

2. peptone for- = shock, hyperthermia Blood, plasma, fluid 
mation, and electrolyte 
hemorrhage depressed serum Ca 

3. lipolysis, 20% calcium lactate 
calcium soaps i 


II. Extrapancreatic 


1. Intraperitoneal 


enzymes 
a. omental fat abdominal pain, increased levels of Pancreatic rest: 
necrosis nausea, vomiting, pancreatic enzymes nothing orally, naso- 
distention, rigidity in peritoneal fluid gastric suction, pheno- 
b. peritoneal ileus x-ray: ileus barb., atropine-like 
irritation drugs 
2. Plasma en- shock (peptones?) amylase: 500- Trypsin inhibitor ? 
zymes 3000 U. 
lipase: 5-15 U. 
increased urinary 
amylase, lipase 
3. Bacterial jaundice, sepsis For secondary infec- 
invasion, tion: penicillin, aureo- 
cholangiitis, mycin, terramycin 
abscess 
Curonic PANCREATIC INSUFFICIENCY 
I. Insufficient malnutrition, increases stool fat high caloric diet, pan- 
lipase steatorrhea decreased fatty creatic enzymes (pan- 
acids creatin, N.F.) 
II. Insufficient anemia creatorrhea, azo- raw pancreas? 
tryptic activity torrhea 
III. Fibrosis, palpable pancreas, glycosuria, x-ray © NPH insulin 
calcification diabetes calcification 
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CHEMICAL PATHOLOGY OF PANCREATITIS 


Acute pancreatitis. The destruction of pancreatic tissue by proteolytic 
enzymes not only produces hemorrhage and aecrosis,”“ but also liberates 
an active pool of other enzymes, including pancreatic lipase. The release of 
lipase is accompanied by hydrolysis of fat of the pancreatic tissue, the omen- 
tum and the mesentery. The freed fatty acids rapidly form insoluble calcium 
soaps by combination with calcium ion of the circulating blood.“ The 
formation of calcium soaps depletes the calcium ion in the plasma as was 
shown by Edmondson and Fields who found 100-1730 mg. of calcium in the 
pancreas of patients with pancreatitis.“ Inasmuch as there is approximately 
10 mg. calcium per 100 cc. plasma, the total in the blood of a 70 kg. man 
would be 350 mg. in 3.5 liters of plasma. The extracellular fluid contains 
approximately 5 mg./100 cc. or 575 mg. in 11.5 liters. Accordingly, the 
combined total for plasma and extracellular fluid is 925 mg. The large 
reservoir of calcium in the bones could easily replace the losses from the 
plasma and extracellular fluid in time, but the rate of replacement generally 
does not equal the rate of depletion. Edmondson and Berne found that the 
plasma level of calcium dropped to less than 9 mg./100 cc. in 72 per cent of 
cases studied and in a number of cases, levels of less than 7 mg./100 cc. were 
noted ; tetany has been reported.“” 


Serum levels of enzymes. The studies of Elman and coworkers, first 
reported in 1929, established the importance of the determination of the 
concentration of amylase in the blood for the diagnosis of acute pancreati- 
tis." It has been pointed out that normally all exocrine enzymes of the 
pancreas are found in small amounts in the blood ;* however, pancreatitis 
alters the so-called “exocrine-endocrine partition” in the direction of an 
increased blood amylase, lipase, and possibly trypsin concentration. Elman 
et al. measured the rate of decrease in the viscosity of a starch solution as 
an indication of the concentration of amylase; they found an increase of 2- 
to 20-fold in activity of amylase in the serum of patients with acute pan- 
creatitis. In terms of modern analytical values, the serum amylase increases 
from an average value of 150 Somogyi Units/100 ml. plasma to more than 
500 U/100 ml. of plasma, and maximum values of 8,000 U/100 cc. plasma 
have been reported.” "*™ In acute pancreatitis, these values remain elevated 
for 48-72 hours and then decrease to a normal level.” The pancreatic 
amylase is excreted by the kidney and within two hours after the serum 
level has risen, the level in the urine increases ; a confirmatory test for pan- 
creatitis has been developed utilizing the urine amylase level.“ A marked 
rise in lipase of the blood is also noted and the level of this enzyme remains 
elevated for a considerably longer time than does the amylase level.”**" 
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This test for pancreatic inflammation has been reported as 95-97 per cent 
positive. Thus far, a significant increase in trypsin level in the blood has not 
been found. It may be that the trypsin inhibitor in the blood complicates 
accurate estimation of this enzyme in the blood.”™ 


Chronic pancreatitis. In chronic pancreatitis, the progressive destruction 
of acinar tissue results in a decreased secretion of pancreatic enzymes. A 
similar pancreatic insufficiency is found in cystic fibrosis of the pancreas.‘ 
Steatorrhea, azotorrhea, and creatorrhea result in the formation of a bulky, 
greasy, foul stool, weight loss, and polyphagia.**” Amylorrhea is not found, 
indicating the presence of adequate digestive enzymes for polysaccharides in 
the intestinal secretions. The presence or absence of creatorrhea, simply 
determined by observation of undigested meat fibers in the stool, may also 
be of significance in differential diagnosis of biliary deficiency and sprue, 
since creatorrhea does not accompany these diseases. The percentage as 
“split fat,” or fatty acids, is low in pancreatic disease and this may be a use- 
ful point in differentiating sprue or biliary deficiency.” A result of 
steatorrhea is deficient absorption of fat soluble vitamins. After administra- 
tion of Vitamin A to control subjects, the level in the plasma increased to 
300 micrograms/100 ml. plasma from a control level of 50-100 micrograms/ 
100 ml." In contrast, a failure of increase in the plasma level of Vitamin A 
was noted in patients with cystic fibrosis of the pancreas or celiac disease. 
Administration of pancreatin resulted in a marked increase in the level of 
Vitamin A in the plasma of patients with cystic fibrosis of the pancreas. 


THERAPY 


Acute pancreatitis. Since there are no readily available specific inhibitors 
for pancreatic enzymes,” the therapy for acute pancreatitis is primar- 
ily supportive.” ""” This supportive therapy can be summarized in four 
basic principles: (i) relief of pain, (ii) inhibition of pancreatic secretion, 
(iii) restoration of nutritional, fluid, and electrolyte balance, and (iv) pre- 
vention of infection (Table 2).°"“™" Surgical procedures are limited to 
complications of the disease." For relief of pain,” meperidine (Demerol) 
or opiates are administered parenterally, and local anesthesia has been em- 
ployed by means of epidural, paravertebral, and splanchnic nerve blocks. To 
suppress liberation of secretin, oral feeding is prohibited and nasogastric 
suction is instituted. Vagal stimulation of the pancreas and the sphincter of 
Oddi is depressed by administration of atropine and atropine-like drugs."“” 
Fluids and electrolytes are administered in quantities sufficient to com- 
pensate both for the daily secretions and the gastric aspirations. Blood cal- 
cium levels are maintained at normal values by administration of 10 per cent 
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calcium gluconate. Blood or plasma are used to treat attendant shock.”” 
For therapy of secondary infections, antibiotics have been used either singly 
or in combination. Supportive therapy with cortisone and ACTH has also 
been studied.” In the recovery period, antacids are administered and 
stimulants of gastric secretion, such as coffee and alcohol, are omitted from 
the diet. 


Chronic pancreatitis. In the various forms of pancreatic insufficiency, 
maintenance of nutrition is an important part of medical therapy. Replace- 
ment therapy with pancreatic enzymes has been used to combat the severe 
weight loss which accompanies pancreatic insufficiency. Raw pancreas or 
enteric coated pancreatin (N.F.) is administered orally in doses of 10-20 
grams daily.“"® While excellent amylolytic, lipolytic, and proteolytic activ- 
ity has been reported for some preparations of pancreatic enzymes, carefully 
controlled studies on their fate and effectiveness are uncommon. The re- 
mainder of therapy is symptomatic and designed to prevent further attacks. 
Surgery has a limited role in therapy of chronic pancreatic inflamma- 
tion.” Atropine-like drugs and analgesics may be utilized for relief 
of distress. Antacids may be administered and alcohol is prohibited. The 
mild diabetes which occasionally occurs is readily controllable with low 
doses of insulin.” 


In summarizing therapy of pancreatitis, it is apparent that marked gaps 
exist between biochemical knowledge of normal pancreatic function, patho- 
genesis, and chemical pathology of the disease on the one hand, and the 
availability of specific therapeutic agents on the other. As biochemical 
pharmacodynamics advances, it seems reasonable to hope that useful drugs 
will become available which will inhibit the necrotizing effects of trypsin and 
other released pancreatic enzymes in acute pancreatitis. A more readily 
approachable problem would be the development of methods for preparation 
of very active purified enzymes for treatment of chronic pancreatitis. 
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PHILIP J. GRIFFIN* Department of Biochemistry, Yale 
SIDNEY V. RIEDER** University School of Medicine 


A STUDY ON THE GROWTH REQUIREMENTS OF NEISSERIA GONORRHOEAE 
AND ITS CLINICAL APPLICATION} 


Routine methods for the isolation of Neiss.ria gonorrhoeae employ 
various complex media in conjunction with devices designed to supply an 
atmosphere of approximately 10 per cent carbon dioxide. Recent investiga- 
tions”’ of the CO, requirement of N. gonorrhoeae have shown that various 
strains of this microorganism can be grown on a Casamino-salts-glucose 
agar medium in the absence of COs, provided an extract of yeast is added. 
The apparent effect of yeast extract in eliminating the requirement for 
COz could be duplicated by a combination of hypoxanthine, uracil, and 
oxaloacetate ; however, growth in air with this combination proved inferior 
to the growth with yeast extract alone. 


An investigation of the nature of the additional factors in yeast extract 
was undertaken. This report presents evidence of the necessity for trypto- 
phan and biotin in the metabolism of N. gonorrhoeae and the role of 
oxaloacetic acid as a source of COz. The recognition of the importance of 
COz and the stimulatory effect of yeast extract has made possible the 
development of a simplified medium and a new technique for the isolation 
of N. gonorrhoeae from clinical specimens. 


MATERIALS AND METHODS 


Stock cultures grown on Mueller-Hinton medium” were maintained in an atmosphere 
of COs (candle-jar method). The inoculum consisted of a loopful (5 sq. mm.) of an 
0.9 per cent saline suspension of cells obtained after 18 hours of incubation. The 
density of these suspensions was standardized by means of a Klett-Summerson 
photometer with a #66 filter. 


The agar surface was streaked in the conventional manner used to obtain the 
greatest number of isolated colonies. The amount of growth was recorded arbitrarily 
as zero to four plus on the basis of the number and size of the colonies at the most 
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isolated portion of the agar surface. The medium of Gould,® modified only by the 
addition of 2.0 mg. per cent of glutathione, was employed for most of the growth 
factor determinations and this medium is hereafter referred to in the text as “basal 
agar.” All cultures were incubated at 37°. 


The following components (in grams) comprised the medium devised for the clinical 
studies: technical casamino acids, 15*; starch, 1.5; glucose, 1.5; KH»PO,, 1; 
NasHPO,: H:O, 2.8; MgSO,.° 7H:O, 0.45; yeast extract, 7.5*; agar, 17, and distilled 
water, 1,000 ml. The medium was adjusted to pH 7.4 with 10 per cent Na2COs, auto- 
claved for 10 minutes at 10 pounds pressure (113°), cooled quickly and, to avoid re- 
heating, immediately poured into glass or plastic petri dishes. After solidification, each 
plate was hermetically sealed with a rubber petri dish seal and then stored at 3-5°. In 
the preparation and use of this medium it should be noted that, for optimal growth, 
both reheating the sterile medium and the addition of larger amounts of yeast extract 
are to be avoided. 


EXPERIMENTAL 


Preliminary studies using direct transfers of microorganisms from stock 
cultures showed that both old and recently isolated strains of N. gonor- 
rhoeae grew under CO, on basal agar. Growth did not occur in air unless 
the medium contained a supplement of hypoxanthine, uracil, and oxaloace- 
tate. However, this supplemented agar supported only slight growth for the 
same time period (24 hours) in which moderately heavy growth was 
obtained under CO; at the end of 42 hours, heavy growth also was 
obtained in air. 

It seemed likely that, when the organism is grown in air, the decomposi- 
tion of oxaloacetic acid in the alkaline medium produces the COz2 necessary 
for growth. In general, one of the effects of CO2 on the growth of bacteria 
appears to be concerned with a reduction in the lag period of growth. There- 
fore, increasing concentrations of oxaloacetic acid might be expected to 
cause a corresponding reduction in the lag phase of growth in N. gonor- 
rhoeae. Oxaloacetic acid was cautiously neutralized with NagCOs, the solu- 
tion sterilized by filtration through a Swinny filter (Becton-Dickinson 
Company), and employed in concentrations varying from 5 to 80 mg. per 
20 ml. of basal agar. From Table 1 it may be seen that when the sole addi- 
tion to the basal medium is oxaloacetic acid, there is no observable growth 
in air. However, in the presence of hypoxanthine and uracil, which promote 
growth in air, the addition of oxaloacetate increases the amount of growth. 
The amounts of hypoxanthine and uracil employed were those found pre- 
viously’ to be optimal for the growth of N. gonorrhoeae. The addition of 
0.05 gm. of yeast extract (previously sterilized at 113° for 10 minutes) to 


* Generously supplied by Difco Laboratories, Detroit, Michigan. 
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the completely supplemented basal agar not only caused a significant reduc- 
tion in the lag period but also increased the amount of growth in air. 

If the function of oxaloacetate is to supply small amounts of CO2 which 
is lost when the plate is exposed to air, then growth should occur within 24 
hours in sealed basal agar plates containing only oxaloacetic acid but should 
not occur in plates containing only hypoxanthine and uracil. Furthermore, 
if the free CO2 were to be absorbed by NaOH (in sealed Spray anaerobic 


TABLE 1. Errects oF OXALOACETATE AND YEAST Extract ON GROWTH 
oF Neisseria gonorrhoeae 


Air 


Carbon dioxide 


Hours of incubation 


Basal agar 24 42 24 42 


20 ml. Supplemented with: 


oxaloacetic acid (5,10, 


20,40,80 mg.) _ — 2+ 3+ 
hypoxanthine (70 ug.) and 
uracil (80 ug.) -- 1+ yaw 3+ 


hypoxanthine (70 ug.) 
uracil (80 ug.) 
oxaloacetic acid (5 mg.) — 3+4- a 3+ 


hypoxanthine (70 ug.) 

uracil (80 ug.) 

oxaloacetic acid (5 mg.) 

yeast extract (0.05 gm.) 3+ 44- 3+ 44- 


Yeast extract only (0.05 gm.) 


Density of suspension = 25 Klett units. 


petri dishes), growth would not be expected in the presence of either oxalo- 
acetic acid alone or combined with hypoxanthine and uracil. The data 
presented in Table 2 are in accord with this hypothesis. 

The importance of the total concentration of CO2 on the growth of 
N. gonorrheeae can be inferred from the data in Table 2 since in the 
presence of oxaloacetate growth occurred sooner in hermetically sealed petri 
dishes (12 mm. deep) than in sealed Spray dishes (50 mm. deep) containing 
water instead of NaOH. This would be expected if an effect of oxaloacetate 
is to contribute to a suitable concentration of COz. The marked effect of 
yeast extract demonstrated in Table 2 also was noted when even lighter 
inocula were used, further indicating the need for factor(s) in addition to 
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hypoxanthine and uracil. In view of the suggested relationship of biotin to 
COgz fixation and oxaloacetic acid synthesis, and because of the presence of 
biotin in yeast extract, this material was tested for its effect on growth. In 
these experiments, vitamin-free casamino acids (Difco) replaced the usual 
technical casamino acid component. The addition of 10 yg. of biotin to basal 


TABLE 2. GRowTH OF Neisseria gonorrhoeae IN HERMETICALY SEALED 
AND UNSEALED DISHES IN PRESENCE AND ABSENCE OF NaOH 


Sealed 
Standard petri dishes Spray-anaerobic dishes 
over 
not sealed sealed NaOH over H:O 

Basal agar (20 ml.) 18 hrs. 22 hrs. 18 hrs. 22 hrs. 48 hrs. 18 hrs. 22 hrs. 48 hrs. 
oxaloacetic acid 

5 mg.) — +(s)** — 
hypoxanthine (70 ug.) 
hypoxanthine (70 yg.) 
uracil (80 ug.) 
oxaloacetic acid (5 mg.) — -+(s) + 2+ — _ — + 
hypoxanthine (70 ug.) 
uracil (80 ug.) 
oxaloacetic acid (5 mg.) 
yeast extract (0.05 gm.) 2+ 3+ 3+- 4+ _— 2+- 3+ 44 
Basal agar plus 
0.05 gm. yeast extract* 3+ 


Density of suspension = 19 Klett units. 
* Control plate maintained in the presence of 10 per cent COs. 
** Slight growth. 


agar medium containing hypoxanthine, uracil, and oxaloacetate reduced the 
lag period noted in air (Table 3). 

Welton et al.* have described the use of indoleacetic acid as a component 
of a defined medium for the growth of N. gonorrhoeae. Since tryptophan is 
destroyed in large part by acid hydrolysis, it seemed possible that the 
yeast stimulation noted in basal agar containing casamino acids prepared by 
acid hydrolysis might also reflect a requirement for tryptophan. This sub- 
stance was found to stimulate growth and, furthermore, complemented the 
effect of biotin (Table 3). 
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The presence of still another stimulating factor(s) is evident since 
heavier growth occurred in all cases when yeast extract was added to 
vitamin-free casamino acid agar alone or together with optimal amounts of 
hypoxanthine, uracil, oxaloacetic acid, tryptophan, and biotin. The effect 
of yeast extract employed alone could not be accounted for solely on the 


TABLE 3. Repuction oF GrowTH Lac Periop 1n Neisseria gonorrhoeae 
BY BIOTIN AND TRYPTOPHAN 


Vitamin-free casamino acid 
agar plus vitamin mix,* Growth in air 
hypoxanthine, uracil, oxaloacetate+ hours 


additions/20 ml. agar 24 42 


: biotin (10 ug.) + 24 
L-tryptophan (0.6 mg.) 2+ 
: biotin (10 ug.) 

L-tryptophan (0.6 mg.) 3+ 44 


biotin (10 ug.) 
L-tryptophan (0.6 mg.) 
yeast extract (0.05 gm.) 44+ 


yeast extract (0.05 gm.) 


Density of suspension = 17 Klett units. 

* Vitamin mix (in mg.): pyridoxine HCl, 3.0; thiamine HCl, 4.5; riboflavin, 2.0; 
nicotinic acid, 26; water, 10 ml., pH 6.9. Autoclaved at 113° for 10 minutes. Employed 
at 0.01 ml./20 ml. agar. 

** Slight growth. 

+ Additions per 20 ml. agar: hypoxanthine, 70 ug., uracil, 80 wg., and oxaloacetate, 

5 mg. 


basis of the content of biotin and tryptophan. The concentration of yeast 
extract used throughout these experiments is of paramount importance 
since too much yeast extract decreases or prevents growth presumably 
because of the presence of an inhibitory substance. 

In another series of experiments the growth of N. gonorrhoeae (stock 
strains) from very dilute inocula (density of 5 Klett units) on hermetically 
sealed, basal agar plates supplemented with yeast extract was found to be 
superior to that obtained with Mueller-Hinton agar under COz. On the 
basis of these observations a. possible clinical application was suggested. 
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A comparative clinical evaluation was made of the growth and isolation of 
N. gonorrhoeae from materials obtained from both male and female patients. 
Growth in 24 hours on the yeast-agar medium (see methods) by this tech- 
nique was compared with that obtained using the standard chocolate agar- 
COz2 method. Data from 83 unselected, consecutive cases are presented in 
Table 4. Without exception, the new method duplicated the results obtained 
with the standard technique; in many instances it yielded more abundant 
growth and in three cases a positive finding was obtained, whereas negative 
cultures resulted through the use of the standard technique. 


Tas_e 4. CoMPARISON OF STANDARD METHODS WITH Proposed AGAR- 
TECHNIQUE IN THE CLINICAL ISOLATION OF N. gonorrhocae 


Number of cases* 


Chocolate agar 
Readings carbon dioxide Yeast-agar hermetically sealed 


Negative 48 45 
Positive 35 38 


* Nineteen from female patients with the following distribution: positive, 3; negative, 


DISCUSSION 


It is generally accepted that essentially all microorganisms require a 
certain minimal concentration of COs before reproduction occurs, the re- 
quired level of COg varying with the microorganism. This is particularly 
evident among certain members of the genera Brucella and Neisseria. Vari- 
ous reports (Walker,” Winslow ect al.,* Gladstone et al.,“ Tuttle and 
Scherp”) have demonstrated a relationship between COz concentration and 
the lag phase of growth, and the concept is that cell division occurs only 
after a certain critical level of CO2 concentration has been reached. The 
attainment of such concentrations is determined by factors regulating the 
rate of release of small amounts of CO from substances present in the 
medium, combination of COzg with constituents in the medium, loss through 
diffusion, and the amount produced by the respiration of the microorganism. 

Some controversy exists as to the actual replacement of CO, by known 
growth factors. Ajl and Werkman’ reported that certain components of the 
citric acid cycle met the CO2 requirement of Escherichia coli whereas Lwoff 
and Monod” contended that COz per se is essential. Support for the latter 
view has been provided by Gutterman and Knight,” who suggest that oxalo- 
acetic acid satisfies the CO, requirement of Penicillium chrysogenum 
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through decomposition and the slow release of COs, and by Tuttle and 
Scherp,” who described various combinations which partially replace the 
requirement for supplemental CO, but failed to eliminate this need com- 
pletely. Furthermore, Newton et al.*”* and Newton and Wilson” showed 
that the addition to the medium of some of the products of C“Os fixation 
(pyrimidines) in Brucella abortis did not completely satisfy the COz re- 
quirement of this organism. The persistent requirement by Treponema 
pallidum, strain 69, for COz2 is another example of the phenomenon 
(Steinman et al.”). 

In the present report the effect of oxaloacetate on the growth of N. 
gonorrhoeae has been shown to be related to the requirement of this organ- 
ism for COg. These data lend additional support to the proposal that COz is 
needed for the growth of this microorganism and that no growth will occur 
under conditions where COgz is efficiently and rapidly removed. 

In a variety of bacteria, biotin has been shown to be necessary in the 
decarboxylation of oxaloacetic acid to pyruvate and CO, (Lardy et al., 
Shive and Rogers”). Biotin has also been implicated in purine biosynthesis.” 
The participation of biotin in CO, fixation by certain microorganisms has 
been described by Lardy et al.° and Blanchard et al.* The latter authors sug- 
gested that, in their experiments, biotin does not function directly as a co- 
factor in the carboxylation reactions of Lactobacillus arabinosus but may be 
a component in those reactions leading to the synthesis of enzymes which 
control the fixation of COs. 

Against this background, the demonstration in the present report of the 
absolute need for CO by N. gonorrhoeae and the finding of the stimulatory 
effect of biotin suggests an interrelationship between these substances. This 
problem currently is under investigation. The further stimulation of growth 
by yeast extract added to basal agar supplemented with hypoxanthine, ura- 
cil, oxaloacetate, biotin, and tryptophan reflects the participation of still 
another factor(s), the nature of which is also under study. 

The recognition of the need for suitable levels of COz as such in the 
growth of N. gonorrhoeae and the ability of yeast extract to substitute for 
these factors suggested the use of a technique for the isolation of N. gonor- 
rhoeae from clinical specimens which employs a medium hermetically sealed 
in petri dishes. This new technique possesses the following advantages: it 
allows more growth in a shorter period of time compared with some of the 
media in standard use, it is convenient to prepare, economical, stable on 
storage, and, because of the rubber seal, can be stored for prolonged periods 
without contamination or loss of moisture. Furthermore, the method elimi- 
nates the need for blood or serum, as well as the use of cumbersome CO2 
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jar devices. In view of these advantages, the use of this technique in the 
isolation of N. gonorrhoeae from clinical materials is proposed. 


SUMMARY 


1. It has been demonstrated that a role of oxaloacetate in the growth of 
N. gonorrhoeae in air on basal agar supplemented with hypoxanthine and 
uracil is to supply COg. Furthermore, under these conditions the absolute 
need for COz has been shown. 


2. Using a light inoculum and a supplemented vitamin-free casamino 
acid agar-medium, the need for biotin and tryptophan was established. An 
additional factor(s) in yeast, which stimulates the growth of this micro- 
organism, was also demonstrated. 


3. A simplified agar medium used in combination with hermetically 
sealed petri dishes for the isolation of N. gonorrhoeae from clinical speci- 
mens is described and the advantages of such a technique are discussed. 
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MSH anv ACTH. By Aaron B. Lerner, Associate Professor of Derma- 
tology, Yale University School of Medicine. 


In 1917 it was first observed that removal of the pituitary glands of tadpoles 
resulted in a lightening of the skin, while injections of exogenous pituitary 
extract caused increased skin pigmentation. About 1930 Zondek found that 
this skin-darkening principle was produced by the pars intermedia, and 
hence he proposed the name Intermedin for it. The pituitary skin-darkening 
hormone is now called melanocyte stimulating hormone (MSH) to indicate 
its trophic function. 

Attempts to purify extracts from the pars intermedia of hogs in collabora- 
with T. H. Lee resulted in an homogenous compound with considerable 
melanocyte stimulating activity. Workers elsewhere who were attempting 
to do the same thing by different techniques also isolated a homogenous 
compound which was different in its electrophoretic properties, but which 
also displayed MSH activity. Bioassay of these two compounds showed that 
the one isolated by the Yale group was the more active of the two, and the 
names alpha and beta MSH were given to the more and less active 
compounds respectively. 

Following the determination of the structure of beta MSH by other 
workers, the author assisted J. I. Harris in the study of the structure of 
alpha MSH. The experimental work was carried out with a few milligrams 
of alpha MSH which seemed to be homogenous when subjected to electro- 
phoresis. Hydrolysis of the compound yielded twelve different amino acids, 
with serine appearing in twice as great molar quantities as any of the others. 
Attempts to identify the C and N terminal amino acids indicated that the 
carboxyl and amino groups of these amino acids, respectively, were blocked. 
The specific actions of trypsin and chymotrypsin were used to obtain shorter 
fragments of the thirteen amino acid chain, and to determine the position 
of certain amino acids in the compound. Having located these amino acids, 
acid hydrolysis followed by analysis of the resulting peptides was employed 
to determine the location of the other amino acids in the chain. The follow- 
ing sequence of amino acid residues was found: 

Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Try-Gly-Lys-Pro-Val. 
An amide group was determined to be the blocking group on the valine 
residue. The N terminal blocking group is still unknown. 

It is interesting that these thirteen amino acids in the sequence indicated 
correspond exactly to the first thirteen amino acid residues of ACTH. More- 
over, a chain of seven amino acids included in the eighteen amino acid chain 
of beta MSH corresponds with the arrangement of seven of the amino acids 


in alpha MSH. DAVID W.E. SMITH 


PiasMA 17-Kertosteroips. By Lytt I. Gardner, Professor of Pediatrics, 
Yale University School of Medicine. 


Methods for the determination and study of plasma 17-ketosteroids have 
been developed and have shown the relationship between various normal 
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and pathological conditions and plasma 17-ketosteroid levels. The pro- 
cedure for isolation of these compounds consists of acid hydrolysis of plasma 
samples, successive extraction with ether, alkali, and hexane, chromato- 
graphic separation on Florisil, and treatment of the residue with m-dinitro 
benzene. 

The average plasma 17-ketosteroid level for adults was found to be 61 
pg/100 ml; the average for the newborn was somewhat higher, about 80 
pg/100 ml. This high level in the newborn declines after two to three days. 

The plasma 17-ketosteroid level was significantly changed in several dis- 
ease states. In subjects with pure virilizing adrenal tumors, or with un- 
treated congenital adrenal hyperplasia, the level averaged about 300ug/100 
ml or higher. The level is also elevated in the rare neoplastic Cushing’s syn- 
drome. If a subject with congenital adrenal hyperplasia is given cortisone, 
which satisfies the inherent metabolic error of this disease, the plasma level 
of 17-ketosteroids drops to a normal value. Benemid, a tubular blocking 
agent, causes an increase in plasma 17-ketosteroids. 

A study was made of the plasma 17-ketosteroid levels of expectant 
mothers during various stages of pregnancy and labor, and during lacta- 
tion. Since the level is higher in umbilical plasma than in maternal plasma, 
it is concluded that these materials probably originate in the fetal circulation 
at this time. A sharp increase in these levels occurs during the few hours 
of labor just prior to delivery; the level decreases sharply to a very low 
value following delivery and rises slowly to a normal value during lactation. 
The sharp increase at the time of delivery is thought to be due to back 
diffusion associated with uterine contractions. 

Other workers have shown that all of the 17-ketosteroids could be ac- 
counted for as dehydroepiandrosterone and androsterone. In one case a pre- 
mature baby showed a plasma 17-ketosteroid level of over 500 »g/100 ml 
during the first two days of life. 

This new technique for the determination of plasma 17-ketosteroids will 
undoubtedly lead to a better understanding of the relationship between 
these compounds and the various physiological and pathological processes 
in which they are involved. 

MALIN R. DOLLINGER 


NEUROLOGICAL STUDY UNIT 
March 12, 1957 


SprnaAL Rervex Patterns. By John W. Magladery, Associate Profes- 
sor of Neurology, Johns Hopkins Hospital and Medical School, Baltimore, 
Maryland. 


The method by which Paul Hoffman investigated tendon jerk reflexes em- 
ployed shocks to skin overlying a nerve trunk which were of a magnitude to 
cause afferent stimulation without stimulation of efferent fibers. The muscle 
response, recorded electrically as sharp spike action potentials, was similar 
to that elicited by a tendon tap. Electrical overstimulation caused a reduc- 
tion in the magnitude of the response, indicating the induction of antidromic 
impulses and a refractory state in efferent fibers. These reflexes, which shall 


EVENTS 
1 
2 
i 
| 
ae 
A ¥ 
} 
623 
: 
| 
& 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 29, June 1957 


be referred to as H reflexes in deference to Hoffman, have the following 
characteristics. (1) The central delay is compatible with passage through a 
single synapse when the excitatory stimulus is of low intensity. (2) The 
most excitable afferents have lower excitation thresholds and higher conduc- 
tion velocities than the motor axones. (3) The afferent limb is more sus- 
ceptible to functional interruption than is the efferent limb. (4) Monosynap- 
tic discharge occurs only when the afferent stimulus arrives at the cord via 
the fibers of lowest threshold. With larger afferent volleys, evidence of inter- 
nuncial activity appears. (5) H reflexes can be elicited from large muscles 
of both flexor and extensor groups only. (6) Profound suppression of H 
reflexes is found to occur after the slightest jar of muscle but not after pain- 
ful stimulation of the overlying skin. (7) Electrical stimulation reveals a 
facilitation of the second of consecutive stimuli when they occur within 25 
msec. This is succeeded by a depression lasting several hundred msec. 
Mechanical stimulation lacks an elicitible facilitatory phase. Root recordings 
show these effects to be central in origin. 


Patients with upper motor neuron lesions of the cord or lower brain stem 
show a lowered afferent threshold and enhanced reflex discharge. Moreover, 
reflexes can be recorded from muscles in which they are normally unattain- 
able. Latency of reflexes elicited by liminal shock is 4-6 msec. longer than the 
normal 32-34 msec., and the shape of the recorded response is polysynaptic. 
These findings have been corroborated in experiments using cats. The 
clinical status of the patient, however, does not correlate well with the 
physiological findings. This fact implies mechanisms outside the myotatic 
arcs themselves. 


N. R. M. 


ZOOLOGICAL JOURNAL CLUB 
April 15, 1957 


THe or Cert DeatHs 1n MorPHocGENEsis OF AvIAN Liss. By 
John W. Saunders, Department of Biology, Marquette University, Mil- 
waukee, Wisconsin. 


Cell degeneration and death play a considerable and perhaps necessary part 
in chick limb morphogenesis. Waves of cell dissolution act to carve wing, 
leg, and digital contours. An area of cell death is also found on the somites. 
Nile blue sulfate selectively dyes these degenerating cells. 


A leg bud grafted to the body wall shows the degeneration at the same 
time as an unoperated control. Therefore, degeneration takes place as a 
result of localized factors. If the area of future cell death is excised after 
stage 19, there is no cell degeneration at the site of the operation, but if 
excised before stage 19, the cells die. The capacity to degenerate is therefore 
restricted to certain cells by stage 19, but the death role may be taken over 
by other cells before that time. When cells from the area of degeneration at 
the posterior angle of the wing are grafted to the dorsal surface of the wing 
bud prior to stage 22, there is no degeneration; if the graft is made early in 
stage 23, cell death takes place in the graft. Cells grafted to a somite as early 
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as stage 17 later degenerate, indicating that the tissue environment of the 
somite is more favorable to degeneration than the dorsal surface of the 
wing. If the limb is deprived of the degenerative cell area, it apparently 
undergoes normal morphogenesis. The exact rdle of cell death, however, 
will not be determinable until an experiment can be devised in which cell 
degeneration can be stopped in situ and the effect be observed. 


W., 3D 


BERTRAM ROBERTS MEMORIAL LECTURE 
May 2, 1957 


INTRODUCING A PsycuraTtric Ciinic Into a Community. By Alexander 


Leighton, Professor of Social Psychiatry, Cornell University, Ithaca, New 
York. 


Psychiatric clinics in communities under 250,000 will probably become more 
prevalent if the present wave of interest in psychiatry keeps up. The experi- 
mental clinic set up by Cornell University and the Nova Scotia Department 
of Public Health six years ago at Bristol,* a town of 3,000 on the Atlantic 
coast of Canada, exemplifies the problems and the evolution of such a clinic 
from its initial impact through its incorporation into the community at 
large. 

The establishment of such a clinic initially involves the planning of 
immediate and long-term goals. Thus, as the community becomes aware of 
the clinic and perceives its potentialities, the clinic can at all times maintain 
a working relationship and become firmly accepted in professional and lay 
circles. The clinic must be prepared to be accepted on the community’s 
terms until understanding and confidence have developed. Identification 
with previously established institutions which are relatively nonpartisan, 
such as the local medical society, is, at the outset, of great importance. As 
the clinic develops, sentiments crystallize in all quarters. However, the 
majority of the community remain indifferent, and positive or negative 
attitudes will develop depending on the professional and social record which 
the members of the clinic make with the passage of time. The importance of 
being known and accepted as a human being in a small community is not to 
be undersetimated and provides special problems to the practice of psychi- 
atry. 

As firmer roots develop, the general practitioners begin to refer cases 
earlier, with better selection, and become more involved in the psychiatric 
care of the mentally ill and may even do some therapy themselves. The ques- 
tion of the rdle of the general practitioner, the clergy, the teachers, and the 
hospital comes up and must be worked out as the clinic becomes more 
active. With greater awareness of its needs, the community begins to ask 
more of the clinic in frequency and range of cases. The potentiality of the 
clinic is slowly realized and fulfilled so that eventually cases are seen early, 


* A code name to protect the privacy of the area under study. 
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there is a good follow-up and after-care program, effective mental health 
programs are instituted, and investigation of mental illness in the commun- 
ity epidemiologically, genetically, and pathologically can be carried out. 


R. N. 


RALPH HILL THOMAS LECTURE 
May 20, 1957 


Tue GrowTH OF SINGLE CeLLs. By J. Murdock Mitchison, Zoology De- 
partment, University of Edinburgh, Scotland. 


A measure of the growth of a single cell may be obtained by finding the 
increase in dry matter. Using an interference microscope with the cell 
mounted in an aperture, by measuring the retardation with the cell in place 
and then removed, the total retardation by the cell (a function of dry mat- 
ter) may be calculated without measuring the size of the object. The method 
is accurate (i.e., repeatable) to 5 x 10-'* grams which is the dry mass of 
1 p® of cytoplasm. Fission yeast, Schizosaccharomyces pombe fulfils the 
requirements for an experimental cell: (1) regular shape (cylinder), (2) 
reasonable size, (3) rapid growth, (4) grows in a sterile medium, (5) does 
not move while using the substrate. Growth takes place only in length at the 
end away from the preceding division and the cell divides with a plant-like 
central plate. 


The cell was mounted in glue; retardation was measured and a photo- 
graph taken to record size every 7%4 minutes. Dry mass growth rate curves 
consist of a rising straight line, a break at division, then a steeper straight 
line. Volume (length in this case since the cell grows only in one plane) 
grows at a higher rate, reaches a plateau at division, and rises again after 
division. The volume normally growing at one end only probably stops 
increasing while the cell plate is formed in the center. A possible mechanism 
for division may be that as the concentration within the cell increases, 
hydrostatic pressure between the two cell plates blows them apart, since, 
when the two cells separate, they round out. There is no real evidence con- 
firming this view, and division appears to take place by pinching off. A 
model consisting of synthetic centers or particles controlling growth is pro- 
posed. These remain constant in number until just before division when 
they double and separate at “mitosis.” This would account for the observed 
sudden doubling in synthetic rate after division. These findings are in agree- 
ment with those of Zeuthen on respiratory rate in Tetrahymena but differ 
from those of Prescott on Ameeba in which the growth rate is not constant 
but rises exponentially. This may be due to a decreasing rate of feeding and 
rounding up before division in Amoeba. Budding yeast growth rates follow 
an S curve for volume, but the mass growth is linear. ‘ 

Further work is intended with other cells including Prototheca and bac- 
teria ; electron microscope studies of mitochondrial and microsomal activity ; 
and growth rates with changed environments in synchronous cultures. 


G. E. W., 3D 
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RADIATION THERAPY SEMINAR 
May 23, 1957 


SUPERVOLTAGE RADIATION THERAPY WITH Betatron. By William B. 
Seaman, Professor and Director, Department of Radiology, College of 
Physicians and Surgeons, Columbia University, New York. 


The principal features of the Betatron supervoltage emission which recom- 
mend it over conventional x-ray are: (1) its ability to deliver a high per- 
centage of a total dose to deeply situated tissues, (2) its property of sparing 
the skin overlying the target, even at high dosages, (3) its bone-sparing 
property (absence of differential absorption by bone), and (4) its excep- 
tionally low side-scatter. The latter property recommends the Betatron for 
treatment of neoplasms adjacent to structures such as the eye or spinal cord, 
to which the side-scatter of conventional x-radiation would be damaging. 
Bone sparing is especially advantageous in radiation of the face and skull. 

Supervoltage radiation therapy works no magic. It is beset with the 
limitations and problems of conventional x-radiation therapy. The miscon- 
ceptions that patients with disseminated carcinoma or with radio-resistant 
tumors are good candidates for supervoltage therapy have ied to therapeutic 
failures in these ultimately hopeless cases. 

In treatment of local visceral cancers including brain tumors supervoltage 
therapy has yielded promising results with a low incidence of radiation sick- 


ness and minimal damage to adjacent normal tissues. The present experi- 
ence indicates that the “biological effectiveness” of x-rays with this energy 
is similar to that of the 250 kv range, instead of 20-40 per cent lower. Dos- 
ages and normal tissue tolerances are becoming better established as 
experience with the Betatron accumulates. 


R. P. A. 


| 
| 
. 
3 
ad 
= | 
: 
i 
| 


BOOK REVIEWS 


Tue CoL_Lectep Papers oF Paut Compiled and edited by F. 
Himmelweit, with the assistance of Martha Marquardt, and under the edi- 
torial direction of Sir Henry Dale. Volume I. Histology, Biochemistry and 
Pathology. London and New York, Pergamon Press, 1956. viii, 653 pp. 
$85 (4 vols.). 


This important volume is the first of four; the second will deal with 
Ehrlich’s work on immunology and cancer, the third with his studies in 
chemotherapy, and the fourth, in addition to a bibliography and indexes, 
will contain tributes by Ehrlich to his teachers, supporters, and colleagues. 
The papers collected in the first volume describe work done by Ehrlich dur- 
ing the period 1877-1890, as a university student, as a young hospital 
physician, and as a free-lance laboratory worker. Although his studies on 
immune reactions and on chemotherapy, which brought Ehrlich world-wide 
fame, came after 1890, the earlier work was no less important, since it 
included his research on the use of aniline dyes for hematological and bac- 
teriological staining, for the study of biochemical reactions, and for the 
examination of pathological tissues and fluids. 

The exceptional imagination that characterized Ehrlich’s scientific 
thought is evident throughout this volume, and is nowhere clearer than in 
his previously unpublished doctoral dissertation of 1878: “Beitrage zur 
Theorie und Praxis der histologischen Farbung” (an English translation is 
also included). Written when Ehrlich was 24 years old, the dissertation 
contains the germs of many of the ideas he was to pursue until his death in 
1915. For the student of the history of science, this dissertation has special 
interest ; it underlines Ehrlich’s rdle in the application, to biological studies, 
of the experience gained by the dyers of textiles in their use of the newly 
developed aniline dyes. By 1877, Germany had initiated the development of 
an active dyestuff industry and also took the lead in the synthesis of new 
dyes. 

After his doctorate, Ehrlich concentrated on the development of improved 
procedures for the staining of tissues, of blood cells, and of bacteria. From 
these studies, he moved to an examination of the capacity of biological sys- 
tems to reduce dyes and to re-oxidize reduced dyes in the presence of oxy- 
gen. This volume contains Ehrlich’s memorable paper of 1885 on “Das 
Sauerstoff-Bediirfnis des Organismus” (also with an English translation), 
which foreshadows ideas that emerged more clearly from the later work of 
Battelli and Stern (ca. 1910), of Thunberg (ca. 1920), and of Keilin (ca. 
1926). The influence that Ehrlich’s early studies had on his followers, 
especially on Leonor Michaelis (1875-1949), is striking. 

The volume is made even more valuable by an affectionate introduction 
by Sir Henry Dale. The format is most attractive, and the editing appears 
to have been done with exemplary care. The publication of all four volumes 
is made possible by the enlightened philanthropy of The Wellcome Trust. 
The editors, the sponsors, and the publishers are to be congratulated on 
having given to the world of science this splendid addition to its historical 
literature, and so appropriate a tribute to the greatness of Paul Ehrlich. 


JOSEPH S, FRUTON 
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DISEASES OF THE HEART AND CrircULATION. By Paul Wood. Philadelphia, 
J. B. Lippincott Company, 1956. 2d ed. 934 pp. $15.00. 


This book represents an expanded and drastically revised version of an 
earlier (1950) edition which gained wide recognition. The author, who is a 
leading British cardiologist, has compressed his extensive clinical experi- 
ence into a well-written, informative account which is a model of concise- 
ness and clarity. He has organized his material according to physiological 
and etiological considerations, rather than according to morbid anatomy. 
This arrangement allows the author to explore his deep interest and special 
experience in rheumatic and congenital heart disease and the special 
methods, such as cardiac catheterization, related thereto. These chapters are 
outstanding. On the other hand, this technique also leads to somewhat 
abbreviated treatment of some of the more unusual or anatomically oriented 
aspects of heart disease such as myocarditis, pericarditis, and subacute bac- 
terial endocarditis. Peripheral vascular disease is not covered, the term 
“circulation” in the title having a physiological connotation. There is, for a 
general textbook, an unusually good section on radiographic diagnosis, but 
only the usual abbreviated section on electrocardiography. Every chapter 
contains repeated astute, concise, and practical clinical observations, which 
(in the words of the author) “maintain a balance between bedside medicine 
and special tests.” Plentiful illustrations further clarify an already lucid text. 
References are abundant and the index is not only quite complete, but also 
has been arranged for use in differential diagnosis. 

This book is primarily intended for graduates particularly interested in 
clinical cardiology, but it is of wide appeal to students and general internists 
as well. 

ALLAN V. N. GOODYER 


CONGENITAL ANOMALIES OF THE VISCERA: THEIR EMBRYOLOGICAL BAsIs. 
By J. Lewis Bremer. Cambridge, Harvard University Press, 1957. 187 pp. 
$5.00. 


Congenital Anomalies of the Viscera is a superb book. It is the only 
modern textbook presentation of this subject and is presented in orderly 
delineation with great clarity and economy of text and illustration. The 
author intends that it supplement the medical school course in normal 
embryology as a text for “the graduate in medicine who is starting an in- 
ternship or residency in pediatrics, and for one already engaged in the prac- 
tice of this branch of medicine.” This breadth of scope makes its pedagogi- 
cal design interesting, for the necessarily traditional “review that is in 
order” can be accomplished without obfuscation of the real subject matter 
by extraneous verbiage on background material. Were it not for the absence 
of chapters on cleavage, fetal membranes, etc., the book would be adequate 
as an embryology text. Just as pathology tends to make normal anatomy, 
histology, and physiology better understood, so, too, is a knowledge of nor- 
mal development enhanced by a comprehension of the dynamics of mal- 
formation. Moreover, a sympathy for the general types of events that lead 
to anomalies is cultivated in order that “From the knowledge of these 
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developmental sequences new types of abnormality, either hitherto un- 
described o> published merely as rare and unexplained findings, can be 
understoc:: and traced to their embryological sources.” 

The discussion of anomalies is in terms of aberrant growth and disturb- 
ances of the growth sequence per se. Thus, although the preface states that 
“The ultimate cause of these slight local changes of growth rate may be 
chemical or hormonal or thermal,” there is no substantiation to be found in 
the body of the text. Despite this absence of primum mobile, the secondary 
and tertiary spheres of influence (clinical, physiological, etc.) of the anom- 
alies are represented in factual, speculative, and sometimes anecdotal dis- 
cussion. Much is of diagnostic importance. In some instances, e.g. that of 
traction diverticula of the trachea (which Bremer considers to be formed in 
a manner similar to the formation of a tracheo-oesophageal fistula), a 
groundwork is laid for possible re-evaluation of common pathological 
teaching. 

Outside the scope of this book are tables and analyses of prevalence and 
incidence of the various anomalies; nor is there any discussion of medical 
or surgical prognosis and care or of longevity. The chapter listing is as fol- 
lows: respiratory and alimentary systems; pharynx and neck; trachea, 
bronchi, and lungs ; intestinal tract ; liver and pancreas; urinary system and 
suprarenal gland; uterus and vagina, genital apparatus and external geni- 
talia; heart I; heart II, septation; heart III, transposition of the great 
vessels ; and the development of the aortic arches. 

N. R. MORRIS 


Liver: STRUCTURE AND Function. By Hans Popper and Fenton Schaff- 
ner. New York, Toronto, London, The Blakiston Division, McGraw-Hill 
Book Company, Inc., 1957. 777 pp. $20.00. 


It is appropriate that Hans Popper should be the author of a textbook on 
the liver. Formerly a protégé of Eppinger of Vienna, who systematized 
hepatic diseases by clinico-pathological correlations, Dr. Popper has col- 
laborated with his co-author and has approached the problem of hepatic 
diseases fundamentally from a pathophysiological point of view. The book is 
a complete and well-written encyclopedia of hepatic anatomy, physiology, 
and pathology. That it is detailed is demonstrated by 3,735 bibliographical 
references exclusive of an addendum, 62 tables, and 204 well-executed 
figures. It is obvious that this book not only completely covers the pertinent 
literature but is the result of the author’s unusual experience and tireless 
efforts. The title of the book does not do justice to its contents because it 
connotes a restricted topic. The physician may be amazed to find in the text 
abundant clinical data. 

The book has been divided into seven parts. The first concerns the 
structure and functions of the normal liver. This thorough review must be 
understood before reading the remaining sections. Emphasis is placed, in 
particular, upon the revised structural concept, metabolic functions, and cor- 
relation of functional and histological features of the liver. Part two con- 
tains a discussion of the pathological phenomena in the hepato-biliary sys- 
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tem as studied from both a morphological and functional point of view. 
Jaundice. is thoroughly reviewed and reclassified. Hepatocellular degenera- 
tion and necrosis, cholestasis, and inflammation are reviewed, following 
which the morphogenesis and functional aspects of fatty infiltration and 
cirrhosis are reconstructed and correlated with clinical features. These 
descriptions form the basic core of the study of liver disease. An intelligent 
appraisal of the patient with liver disease is impossible without knowledge 
of these fundamental morphological conceptions. 

The third part is a clinical study of hepatic function and structure and 
offers a comprehensive discussion of the so-called hepatic function tests. 
Their physiological basis as applied to liver biopsy is emphasized. There is 
an outstanding description of the tests referrable to the role of the liver in 
the metabolism of protein. Part four provides the reader with a remarkably 
clear study of the diffuse diseases of the liver. The systematic classification 
of liver diseases, etiology, experimental hepatic injury, and clinical features 
offers informative material, particularly to the internist and gastroenterolo- 
gist. This part of the text again is written from the pathological viewpoint 
and contains not only the author’s studies but the results of other investi- 
gations. For example, the different classifications of cirrhosis, which have 
been always a source of contention, are reviewed and interpreted from a 
practical rather than academic point of view. The authors also have pro- 
posed a functional-therapeutic classification and nomenclature of cirrhosis. 
They suggest that cirrhosis be described and evaluated morphogenetically, 
etiologically, if possible, functionally, and therapeutically. Instead of em- 
ploying the term “portal cirrhosis,” they suggest an alternative description : 
malnutritional, rapidly-advancing septal (portal?) cirrhosis with moderate 
hepatic-cell damage and portal hypertension with esophageal varices. To 
some, this may initially appear superfluous but it has practical functional- 
therapeutic implications. Part five, focal diseases of the liver, and Part six, 
tumors of the liver and biliary tree, are set forth in a manner similar to 
Part four. 

Part seven discusses the internal and external environment and the liver. 
It includes a comprehensive review of the relationships of the liver to other 
organs of the body and of the hepatic response to stress. Particularly im- 
pressive are the sections dealing with the direct and converse relationships 
of the liver to the endocrine organs and the kidney. This part serves its 
purpose in reminding the reader that the diseased liver should be regarded 
systemically and generally rather than focally. With this in mind, the con- 
ception of the “hepato-renal” syndrome becomes meaningless. Finally, the 
authors conclude their book with a synopsis of the principles of diagnosis 
of liver disease based on coordinated use of functional and structural obser- 
vations. This has definite clinical application based upon the authors 
morphophysiological concept. 

This text follows those of Budd, Mallory, Rolleston and McKee, Karsner, 
Himsworth and Spellberg as one of the classic works on the diseases of the 
liver. Few treatises written by pathologists will be accepted as enthusiasti- 
cally by clinicians as this book. 

MARTIN S. KLECKNER, JR. 
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Ravuwo ria. By R. E. Woodson, Jr., H. W. Youngken, E. Schlittler, and 
J. A. Schneider. Boston, Toronto, Little, Brown and Co., 1957. 137 pp. 
$5.50. 


For research workers who are interested in this important group of alka- 
loids, which includes the fascinating drug reserpine, this should prove to be 
a useful and compact reference volume because it is an attempt to collate all 
pertinent information available (up to about eight months ago) on the sub- 
ject. The book is composed of four chapters covering four fields of knowl- 
edge on the subject, contributed by well-known authorities: Robert E. 
Woodson, Jr., on the botany of Rauwolfia, Heber W. Youngken on the 
pharmacognosy of Rauwolfia, Emil Schlittler on its chemistry, and Jurg A. 
Schneider on its pharmacology. 

The chapter on the chemistry of the alkaloids is somewhat more satis- 
fying than that on the pharmacology, because the chemistry is now fairly 
well understood and our chemical knowledge about these alkaloids near 
complete, having reached its culmination in the synthesis of reserpine by 
Woodward’s group in 1956. The weakest point in our chemical knowledge, 
at least for now, is in the generalizations which may be drawn upon the 
relation between chemical constitution and reserpine-like activity. Very 
little on this subject appears in this book, and the reason is simply that the 
subject has been only superficially explored to date. 

Probably the most complex problem tackled in this volume is the pharma- 
cology of Rauwolfia. Doctor J. A. Schneider has done a creditable job in 
gathering together the most pertinent information and presenting it in a 
well-organized fashion. It is clear that he has given a great deal of thought 
to the problem and has brought to bear on it his own considerable investiga- 
tions in the field. If one were pressed for a criticism of this chapter (and 
this is more in the nature of a personal desire than a criticism), one might 
say that it would have been interesting to know in what direction Dr. 
Schneider leans concerning the mechanism of action of reserpine. On the 
other hand, giving such an indication, might easily lead to the criticism 
which can be made on his willingness to dismiss as minor in reserpine’s 
mode of action the direct peripheral effects of the drug. It seems to this 
reviewer that a delineation of the relative importance of its peripheral 
actions must await more definitive investigations in this area. 

NICHOLAS J. GIARMAN 


Lysercic Acip DIETHYLAMIDE AND MESCALINE IN EXPERIMENTAL Psy- 
CHIATRY. Louis Cholden, Ed. New York, Grune & Stratton, 1956. 85 pp. 
$3.00. 

There are exceedingly few—if any—occasions of hunger in which the menu 
can suffice for the meal. This menu, a slim volume possibly raised in dignity 
and certainly in price by hardbacked and drug-house-backed publication, 
represents the Proceedings of the Round Table on LSD and Mescaline held 
at the 1955 meetings of the American Psychiatric Association. The gavel- 
enforced brevity of such a conclave is further edited for the reader who, 
however, might have leisure as well as curiosity. Unhappily, the interested 
student will find here neither comprehensive survey and summary nor ade- 
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quate bibliography. He will be tersely introduced to some of the salient 
issues and eminent researchers concerned with a fascinating era in experi- 
mental psychiatry. The earnest research spirit of the editor and contributors 
results in a product that, for all its inadequacies, is informative rather than 
sensational—a remarkable feat in a climate currently dazzled if not dazed 
by drugs. 

Neither the effects nor novelty of drugs which alter behavior can account 
for contemporary interest; such agents have been long known and fre- 
quently studied. In our opinion, what is both new and compelling is con- 
tained in the misformulation, “model psychosis.” More precisely, what is 
new isthe formulation of models for psychosis, conceptual models for psy- 
chotic behavior which can be tested and proposed from a variety of frames 
of reference: biochemical, neurophysiological, and behavioral. The advent 
of “blocking agents,” such as reserpine, along with the “inducing agents,” 
such as LSD, provides the chemist with a familiar biochemical model and 
a behavioral system he can manipulate. Several such hypotheses are briefly 
reviewed in this volume, and while serotonin theories are shown to be 
obviously inadequate, the relevance of a naturally occurring body hormone 
to behavior disorder is at last experimentally broached. Similarly, the ex- 
citing possibilities in the currently developing area of the catechol amines 
are touched upon. While the relation of any brain or biochemical change to 
observed and experienced behavior remains (as ever) obscure, develop- 
ments in the psychiatric field which parallel the biochemical advances are 
reported. Among such topics discussed are problems in the use of LSD in 
therapy and improved understanding of management problems on the part 
of therapists who took the drug. Neurophysiological techniques and the réle 
of reticular systems are also sketchily represented here; the research of the 
experimental psychologist unfortunately is not. 

The descriptions of experimental psychosis are valuable because of their 
compactness, but the unusual feature of this introduction to experimental 
psychiatry is a viewpoint that questions the implication that drug-induced 
hallucinations are necessarily psychotic or unreal. LSD and mescaline do 
not compel psychosis in all subjects but may produce visionary experience. 
“What reason,’”’ one contributor asks, “have we for thinking that beauty 
and significance are less real than ugliness or dullness?” He appears in the 
list of contributors as “Aldous Huxley, Man of Letters, Los Angeles, 
California.” DANIEL X. FREEDMAN 
THE Rauwo ria Story. From Primitive MepDIcINE To ALKALOIDAL 
THERAPY. Summit, New Jersey, Ciba Pharmaceutical Products, Inc., 1954. 
63 pp. 

The history of the Rauwolfia alkaloids is described in this soft-covered, 
pocketsized book. The plant containing the alkaloids was discovered in 
India in the seventeenth century by a French botanist who named it 
Rauwolfia serpentina after a German physician and explorer, Dr. Leonhard 
Rauwolf. It was believed that eating the root relieved man of madness; for 
five centuries it had been used in India to treat insanity. Modern Indian 
physicians used the root as a sedative and antihypertensive for two decades 
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before western physicians confirmed its efficacy. One of the alkaloids iso- 
lated from the plant was reserpine. Like digitalis, cocaine, and ephedrine, 
reserpine represents another contribution to modern therapy from folk 


medicine. Its story makes fascinating reading. J.P.G 


Darry Microsiotocy. By Edwin M. Foster, F. Eugene Nelson, Marvin L. 
Speck, Raymond N. Doetsch, and Joseph C. Olson, Jr. Englewood Cliffs, 
New Jersey, Prentice-Hall, Inc., 1957. 492 pp. $5.65. 

There has long been a need in the dairy industry for a text or reference 
book to fill the gap between texts dealing with public health and theoretical 
aspects of dairy microbiology for college students and those which cater to 
laboratory personnel and plant operators. The present book fills this gap. In 
the preface the authors state that the book should provide a working refer- 
ence for plant operators, field men, sanitarians, etc., as well as a text for 
college students. This is rather a broad classification of personnel for one 
text to cover. However, the authors have skillfully blended material of 
interest to all the above groups which heretofore has only been available to 
the reader in several different texts. 

Some of the material is oversimplified for a college course in dairy bac- 
teriology. Nevertheless, the authors have selected references which, if in- 
vestigated by the student, will enhance his knowledge of the subject without 
an extensive survey of the literature. Also, this text does not overemphasize 
the public health aspect of dairy products, a topic which is adequately 
covered in other works. They may thus have endeared themselves to many 
people who have long felt a need for stressing the nonpathogenic aspects of 
dairy microbiology, many of which are everyday problems met by milk 
producers and dairy products processors. 

Conversely, some of the material in the book is too detailed for laboratory 
personnel, field men, and sanitarians. However, the authors have assembled 
and presented it in such a manner that the reader can easily find information 
of concern to him and will not have to stumble through theoretical discus- 
sions on the subject. 

The only fault this reviewer has found with the book is that there is 
some repetition between chapters. This is of little consequence to the reader 
interested in only a single section of the book but may be detrimental in a 
college course. 

The text is well written and clearly presented. The authors have done 
extremely well in their attempt to please a great number of people in 
diversified sections of dairy bacteriology. It should be well received by all 
those in the dairy field as it is a ready reference as well as a satisfactory 


teaching text. LESTER HANKIN 


AGEING IN INpustry. By F. LeGros Clark and Agnes C. Dunne. New 
York, The Philosophical Library, Inc., 1956. 146 pp. $7.50. 

The authors state that their purpose “is to determine, so far as we can, 
what numbers of workers are physically able to continue in their various 
occupations beyond their mid-sixties.” They have used the tables of age 
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and occupation published in the Census Reports for 1921, 1931, and 1951. 
These relate to England, Wales, and Scotland and the results are applicable 
principally to those areas, although there are similarities with occupational 
experiences in other countries. Perhaps the most striking impression gained 
from the book is the difficulty of getting more than a few leads from the 
enormous labor that went into assembling the various tables. Thirty-two 
occupations are studied in detail by three methods, “Moving Cohorts,” 
“Age Group Ratios,” and “Changes in the Age-structure of Occupations.” 
In addition the authors interviewed a variety of persons with knowledge 
and experience of these occupations. From the trends suggested by their 
statistical treatment of the data and these interviews, they present a list of 
occupations and the estimated practical percentage survival in each occupa- 
tion of men 65 years of age and older. For example, they conclude that 75 
to 85 per cent of “makers of watches and clocks, workers in precious metals, 
and makers of musical instruments” could continue at these occupations 
beyond the age of 65, whereas only 5 to 15 per cent of “coal-face workers 
and signalmen” would probably be physically able to perform their jobs 
beyond 65. 

The major difficulty in a study of this kind is that it cannot take much 
account of technological changes. Coal mine engineers might use it as an 
indication that more labor saving devices should be used at the coal face. 
But public health workers should be skeptical of attempts to generalize and 
apply these conclusions to localities other than England, Wales, and Scot- 
land at times other than the present and immediate future. For reference and 


historical purposes, this book is of interest. J. WISTER MEIGS 


THE CaRE OF THE Expectant Mortuenr. By Josephine Barnes. New York, 
Philosophical Library, 1956. 270 pp. $7.50. 
One of the difficulties facing the author of a book such as this is that of 
striking a balance between the scope of the subject matter and the amount 
of discussion devoted to each subject. In its preface it is stated that this 
“book has been written as a practical guide for all who undertake the man- 
agement of pregnancy” in Great Britain. However, the superficial attention 
given to much of its subject limits the usefulness of the book to a very few; 
in Great Britain where midwives undertake a greater proportion of pre- 
natal care than in the United States, the purpose of the volume may be 
accomplished to a fuller extent. 


The book is divided into three parts. Part I deals with normal pregnancy 
and includes an informative discussion of the maternity services in Great 
Britain. Abnormal pregnancy is the subject matter of Part II, and Part IiI 
describes the diseases complicating pregnancy. The text is easy to read and 
the illustrations, though not entirely satisfactory, are clear. Source books on 
preparation for childbirth and advising the mother are listed. 

The principles of obstetric management in America do not coincide with 
many of those expressed within this book. Space limitations prohibit a com- 


plete summary, but the chief differences and omissions would include the 
following : 
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1. The section on blood groups and RH factors is limited, and the 
management of erythroblastosis is discussed only in relation to hydrops 
fetalis. 

2. In breech presentations, external cephalic version under general 
anesthesia is advocated if an attempt without anesthesia has been unsuccess- 
ful, except in the case of an elderly primigravida or medical contra- 
indications. The dangers of using general anesthesia are enumerated. In 
this country, the risk to the infant and mother does not justify the use of 
this procedure. 

3. External version is used in the treatment of transverse lies, but 
Cesarean section is not resorted to if version fails. 

4. Induction of premature labor as a possible course of action in the 
management of contracted pelvis is mentioned, but “is reserved for multi- 
gravidae with no more than first degree disproportion.” The definition of 
first-degree disproportion is not given. 

5. Laparotomy for ectopic pregnancy is begun under saline infusion, 
blood being given only after bleeding has been controlled. 

These differences and the superficial treatment of many of the various 
aspects of prenatal care severely limit the value of this book in America. 


ROBERT T. MILLER 


A Gtossary oF Mycotocy. By W. H. Snell and E. A. Dick. Cambridge, 
Mass., Harvard University Press, 1957. xxi, 171 pp., 15 plates. $5.00. 

This glossary of mycology contains almost 7,000 terms with which mycolo- 
gists and research workers, as well as students, come in contact. Technical 
terms are defined. Although a person unfamiliar with basic mycological 
terms may have to refer to several other definitions in this book before 
understanding fully that of the original word looked up, the definitions 
seem to escape the sin of being circular. Greek and Latin derivations are 
given for the technical terms and are especially helpful and interesting. 
Illustrating various technical terms concerning characteristics of pilei, 
stipes, fructifications, etc., are 191 very clear and attractive line drawings 
by H. A. C. Jackson contained in 15 plates at the front of the book. In 
addition to the large number of technical terms defined, definitions are given 
for a great many other terms which one may come across in mycological 
work, e.g., popular (Indian Soap, Dyer’s greenweed), obsolete (acro- 
gonidium). Color terms are also defined with reference to Repetoire de 
Couleurs, Ridgway’s Color Standards, Maerz and Paul's Dictionary of 
Color, and Saccardo’s Chromotaxia. The more recent color code of 
Villalobos is not mentioned. 

The book is initiated with the quotation from Samuel Johnson. 


“Every other author may aspire to praise; 
the lexicographer can only hope to escape reproach.” 
On the contrary, this book is quite praiseworthy ; it is a needed mycological 


reference and required a great deal of time and effort on the part of the 
authors. 


ELIZABETH W. MAC ARTHUR 
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1. The section on blood groups and RH factors is limited, and the 
management of erythroblastosis is discussed only in relation to hydrops 
fetalis. 

2. In breech presentations, external cephalic version under general 
anesthesia is advocated if an attempt without anesthesia has been unsuccess- 
ful, except in the case of an elderly primigravida or medical contra- 
indications. The dangers of using general anesthesia are enumerated. In 
this country, the risk to the infant and mother does not justify the use of 
this procedure. 

3. External version is used in the treatment of transverse lies, but 
Cesarean section is not resorted to if version fails. 

4. Induction of premature labor as a possible course of action in the 
management of contracted pelvis is mentioned, but “is reserved for multi- 
gravidae with no more than first degree disproportion.” The definition of 
first-degree disproportion is not given. 

5. Laparotomy for ectupic pregnancy is begun under saline infusion, 
blood being given only after bleeding has been controlled. 

These differences and the superficial treatment of many of the various 
aspects of prenatal care severely limit the value of this book in America. 


ROBERT T. MILLER 


A Gtossary oF Mycotocy. By W. H. Snell and E. A. Dick. Cambridge, 
Mass., Harvard University Press, 1957. xxi, 171 pp., 15 plates. $5.00. 


This glossary of mycology contains almost 7,000 terms with which mycolo- 
gists and research workers, as well as students, come in contact. Technical 
terms are defined. Although a person unfamiliar with basic mycological 
terms may have to refer to several other definitions in this book before 
understanding fully that of the original word looked up, the definitions 
seem to escape the sin of being circular. Greek and Latin derivations are 
given for the technical terms and are especially helpful and interesting. 
Illustrating various technical terms concerning characteristics of pilei, 
stipes, fructifications, etc., are 191 very clear and attractive line drawings 
by H. A. C. Jackson contained in 15 plates at the front of the book. In 
addition to the large number of technical terms defined, definitions are given 
for a great many other terms which one may come across in mycological 
work, e.g., popular (Indian Soap, Dyer’s greenweed), obsolete (acro- 
gonidium). Color terms are also defined with reference to Repetoire de 
Couleurs, Ridgway’s Color Standards, Maerz and Paul’s Dictionary of 
Color, and Saccardo’s Chromotaxia. The more recent color code of 
Villalobos is not mentioned. 
The book is initiated with the quotation from Samuel Johnson. 


“Every other author may aspire to praise; 
the lexicographer can only hope to escape reproach.” 
On the contrary, this book is quite praiseworthy ; it is a needed mycological 


reference and required a great deal of time and effort on the part of the 
authors. 


ELIZABETH W. MAC ARTHUR 
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The ubiquitous microbe 
. capable of producing 
lesions virtually anywhere 
on the body surface. ... 
At times it seems as if every 
Staphylococcus is different.’”! 


now improved control of the 
ubiquitous Staph. with new 


MATROMYCIN 


BRAND OF OLEANDOMYCIN 


for the common bacterial infections that you 
treat with antibiotics other than broad spec- 
trum... clinical success even in cases of anti- 
biotic-resistant staphylococci 


® no predictable cross resistance with peni- 
cillin, erythromycin, streptomycin, tetracy- 
cline, oxytetracycline and chlortetracycline 


@ resistance to Matromycin itself does not 
readily occur and emerges slowly and in 


adaptive fashion, as shown by experiments 


with various strains of M. pyogenes (clinical 
isolates)? 


@ outstandingly safe and well tolerated 
Available in 250 mg. capsules, bottles of 16 


references: 1. McDermott, W.: Ann. New York Acad. Sc. 65:59 


(Aug. 31) 1956. 2. Noyes, H. E ; Nagle, S. C., Jr.; Sanford, J. P., 
and Robbins, M. L.: Antibiotics & Chemother. 6:450 (July) 1956. 
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___Keodak reports to laboratories on: 


news that only a biochemist can truly appreciate ... modifying the spectral 
distribution of radiant energy... freezing patterns written at hundreds of 


miles per second 


A selective precipitant for Na* 


The radio and TV newscasters 
have apparently failed to grasp 
the importance of this news 
(very few of them being bio- 
chemists}, but word has very 
recently been received that DL- 
Methoxyphenylacetic Acid is a 
_ Selective precipitant for so- 
dium in the presence of large 
amounts of Kt, Rut, NH,?*, 
Mgtt, Cl-, 
SO,-, and up to 30 mg per 
ml of Lit. And we gladly sell 
it as Eastman 7361, even pro- 
viding an abstract if you like. 
We first heard of pviL-Methoxy- 
phenylacetic Acid as a plant growth 
regulator, but it wasn’t spectacular. 
Now its new use makes it a pleasure to 
add it to our stock of some 3500 East- 
man Organic Chemicals. For the ab- 
stract, chemical, or a copy of our List 
No. 40, write Distillation Products 
Industries, Eastman Organic Chemi- 
cals Department, Rochester 3, N. Y. 
(Divisionof Eastman Kodak Company). 


Filters: plea and offer 


Once every few years a queer 
sense of obligation compels us 
to spend our hard-earned 
money on advertising to ac- 
quaint the next cadre of tech- 
nical people with the existence 
of Kodak Wratten Filters. Of 
these precisely dyed little 
sheets of gelatin we offer at 
present 116 different species, 
and though in truth they make 
little direct contribution to our 
prosperity they do seem to 
contribute to the convenience 
of those who desire to modify 
the spectral distribution of ra- 
diant energy by simple and rea- 
sonably reproducible means. 

The data book “Kodak 
Wratten Filters,’ which de- 
scribes them all in the fullest, 
most quantitative spectropho- 
tometric and colorimetric de- 
tail, has recently appeared in 
its 19th edition. Kodak dealers 
sell it for 75¢. The one nig- 
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gardly favor we would ask in 
return for our magnanimity in 
selling the filters is that before 
an order is placed, this edi- 
tion, and not one of its 18 
predecessors, be consulted for 
current specifications and des- 
ignations. 

As for the newer-fangled 
and much costlier multi-layer 
interference filters, we make 
them but so also do several 
of our distinguished optical- 
manufacturing contemporar- 
ies. We shall not feel at all 
badly about your giving them 
your custom if you need trans- 
mission in the range up to 
1.4u. But if you find it neces- 
sary to specify a wavelength 
between 1.4u and 4.5u as a 
Narrow transmission band or 


any wavelength above 1.4u as 
a cut-off for a blocking filter— 
there we think you need us. 
In that event, just state your prob- 
lem to Eastman Kodak Company, 
Military and Special Products Sales 
Division, Rochester 4, N. Y. 


Oscillographic opinion 

Call us ingenuous (if not in- 
genious). Still it’s easy to be 
amazed that it has become 
humdrum routine for patterns 
to be written at hundreds of 
miles per second and then 
frozen nigh forever for the 
minutest examination and de- 
bate. (Even the seemingly agile 
stream of electrons in your TV 
picture tube plods its monoto- 
nous course at scarcely 314 
miles to the second.) 


The credit is not all ours. 
The manufacturers of oscillo- 
graphs have contributed nobly 
to the feat. One of them re- 
cently was kind enough to 
offer us the rostrum of his 
company publication tc vent 

our latest opinions about film 
for high speed oscillography. 

ig opinions are that 

it is going to be extremely 
difficult ‘2 improve on the 
speed and image quality you 
get from simply developing 
Kodak Tri-X Film in Kodak 
Developer D-19 at 68 F for 10 
minutes. (True, the new Kodak 
Royal-X Pan Film enjoys a 
fourfold speed advantage 
over Kodak Tri-X Film for 
picture taking, but a force- 
developed line-image that’s 
just over the threshold be- 
tween being there and not be- 
ing there is an entirely different 
proposition from picture 
taking.) 

2. Development for 12 min- 
utes in Kodak Developer SD- 
19a gives higher contrast. Un- 
der some circumstances this is 
as good as a gain in speed. 
But you pay in granularity. 

3. Under some conditions, 
an overall postexposure of 
1/500 meter-candle for one 
second helps the oscillographic 
speed a little. 

. P-16 phosphors seem in 
many cases to be more satis- 
factory photographically than 
P-11 phosphors. 

The most convenient way to get 
further details is to persuade Mr. L. 
Arthur Hoyt, Allen B. DuMont Lab- 
oratories, Inc., 760 Bloomfield Ave- 
nue, Clifton, N. J., that your technical 
sophistication entitles you to a place 
on the mailing list for ““DuMont In- 


strument Journal,” beginning with the 
May, 1957, issue. 


Price quoted is 
subject to change 
without notice. 


( 
1 
‘MICRONS 
the, 
. 
{* 
ine 
IRADEMARK 


